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The remains of historic and abandoned mining operations in North Idaho have been 
shown to degrade the quality of aquatic ecosystems by the contribution of heavy metal 
rich water and sediments. The abandoned Paragon Mine site consists of several portals 
with waste rock dumps, one mill site, and 6,700 cubic yards of coarse "jig" type tailings 
located in an impoundment next to the confluence of Paragon Creek and Prichard Creek. 
Fine grained bed sediment (less than 63 micrometers), surface water (unfiltered), 
groundwater (0.45 micrometer filtered), tailings, and underlying alluvium were sampled 
and analyzed for Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Li, Mg, Mn, Mo, Na, 
Ni, P, Pb, S, Sb, Se, Si, Sn, Sr, Ti, V, and Zn. Tailings were shown to be elevated in Cd, 
Cu, Pb, and Zn. Alluvium underlying the tailings was shown to be elevated in Pb and Zn. 
Surface water and groundwater pH was observed to be near neutral (pH6 - pHS) 
throughout the site. Through sieve analysis comparison and by observing conditions in 
the field, the hydraulic conductivity (K) of the "jig" type tailings was shown to be higher 
than the underlying alluvium and ball mill type tailings more commonly found at other 
mine sites in the area. This difference in K between the tailings and the underlying 
alluvium created perched interflow seeps of accumulated unsaturated flow at the tailings 
interface with the alluvium during recharge events. Surface water running off of the 
tailings as well as unsaturated flow through the tailings was shown to be elevated in Cd, 
Pb, and Zn. Increased Zn and Cd concentrations were shown in groundwater beneath the 
most down gradient portion of the tailings impoundment.
II
Table of Contents
Abstract............................................................................................................................... ii
List of Figures....................................................................................................................iv
List of Tables.....................................................................................................................iv
Acknowledgments...............................................................................................................v
Introduction......................................................................................................................... 1
Study Area..........................................................................................................................4
Methods............................................................................................................................. 10
Results............................................................................................................................... 19
Discussion.........................................................................................................................29
Conclusions.......................................................................................................................36
References.........................................................................................................................39
Appendix 1 : Conversion Factors..................................................................................... 45
Appendix 2: Lab and Field QA/QC................................................................................ 47
Appendix 3: Well Log and Construction Data................................................................ 54
Appendix 4: Total Recoverable and Sediment Digestion Method...................................61
Appendix 5: ICAPES Surface Water Sample Data......................................................... 65
Appendix 6: ICAPES Groundwater Sample Data and Water Level Data........................68
Appendix 7: ICAPES Stream Sediment Sample Data.................................................... 72
Appendix 8: ICAPES Tailings and Alluvium Sample Data.............................................77
Appendix 9: EPA Criteria............................................................................................... 80
Appendix 10: Grain Size Analysis Data - Tailings and Alluvium...................................82
111
List of Figures
1. Location Map............................................................................................................... 5
2. Site Topographic Map.................................................................................................. 6
3. Site Sketch Map............................................................................................................7
4. Surface Water and Creek Bed Sediment Sample Sites Map........................................11
5. Groundwater Flow and Well Map...............................................................................13
6. Trench Sample Map.................................................................................................... 16
7. Tailings Thickness Data From Wells and Trenches....................................................23
8. Sieve Analysis Results (0 - 100 thousandths of an inch scale)....................................28
9. Sieve Analysis Results (0 - 750 thousandths of an inch scale)....................................28
10. Conceptual Hydrologie System Cross Section...........................................................31
List of Tables
1. Preliminary Samples and Published Background Values............................................ 9
2. QA/QC Results Summary............................................................................................18
3. Selected Total Recoverable Metals in Surface Water Samples................................... 19
4. Selected Total Recoverable Metals in Surface Water Run-Off Samples.....................21
5. Selected Dissolved Metals in Groundwater Samples..................................................22
6. Selected Metals in Stream Sediment Samples............................................................ 25
7. Selected Metals in Tailings and Alluvium Samples....................................................26
IV
Acknowledgments
This project was supported and made possible by the U. S. Forest Service. I 
would like to thank everyone at the Idaho Panhandle National Forest Supervisor’s Office, 
Coeur d’Alene River Ranger District, and Region One Headquarters who helped me with 
this project. I would also like to thank my thesis committee, especially Professor Johnnie 
Moore for his patience, guidance, motivation, and flexibility. I would like to 
acknowledge Lynn and the crew in the lab for meeting all of my analytical needs.
. My wonderful family helped me achieve this goal. Special thanks to Scott for 
serving as the ultimate motivator by example. Above all, I am indebted to my wife and 
best friend. Shelly. I would never have been able to get to where I am without her.
DVTRODUCTION
Current and historic mining operations have been shown to degrade the quality of 
aquatic ecosystems by the contribution of heavy metal rich water and sediments (Davies 
and Lewis, 1974; Platts, 1979; Horowitz et al., 1988; Moore and Luoma, 1990; Webb and 
Saowsky, 1994). Many abandoned mine sites with no identifiable owner or responsible 
party are located on Federal Lands. Because of the potential for future degradation of 
aquatic ecosystems. Federal land management agencies such as the United States Forest 
Service (USFS) have initiated inventories, characterizations, engineering evaluations, and 
remedial actions of abandoned mine sites through the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) process.
The Coeur d’Alene and Summit mining districts in northern Idaho have produced 
approximately 3000 abandoned mine and mill sites, many of which are located on USFS 
lands managed by the Idaho Panhandle National Forest (IPNF) (Bennett, et. al, 1993). A 
1997 USFS inventory of abandoned mine and mill sites in the Prichard Creek drainage, 
located in the Summit mining district, documents approximately 30 sites on USFS lands 
which range fi*om small prospects to large mills with tailings piles (Bennett et. al., 1998). 
The majority of the abandoned mines in the Summit mining district produced lead, zinc, 
and silver from the host metasedimentary rocks of the Belt Supergroup of Precambrian 
age (Umpleby and Jones, 1923; Hosterman, 1956). Hard rock mines located on USFS 
lands in the area are hosted by ore from shear-zone deposits in the Prichard formation of 
the Belt Supergroup. Ore minerals in these deposits consist mainly of galena (PbS) and 
sphalerite (ZnS) (Bennett et. al., 1997).
From the late 1800's through the 1950's several mills operated in the Prichard
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Creek drainage leaving behind a variety of waste rock and tailings piles. Tailings left 
behind by these mills typically contain 30-50 thousand parts per million (ppm) zinc (Zn), 
lead (Pb), and iron (Fe) as well as smaller amounts of other elements (Bennett et. al.,
1998) in the form of sulfide minerals that oxidize to produce sulfate, sulfiiric acid, and the 
trace metals. Because these tailings piles are generally located in or near a stream, much 
of the contaminants generated fi'om the chemical reactions of the tailings end up in the 
surfacewater, groundwater, and sediments of the stream. The net result of these processes 
in many cases is highly elevated toxic levels of metals in surface water and stream 
sediments entering the aquatic biota and food chain.
Several of the early mills in the Prichard Creek drainage used a jig and wilfiy 
gravity separation method that produced angular tailings which are 1 inch and finer in size. 
These jig type tailings are relatively course when compared with the very fine-grained 
flotation tailings produced by the more efficient stamp and ball mills. The physical 
characteristics of tailings are very important to consider when investigating the 
relationship between water and tailings at an abandoned mine site. Water flow through 
rock media is defined by the physical characteristics of that media and the amount of 
water-rock interaction depends on available surface area (Driscoll, 1986).
During the USFS Prichard Creek abandoned mine inventory process, the 
abandoned Paragon mine and mill site which had produced a large pile of jig type tailings 
was found to have contaminated water and soils on site. The purpose of this study is to 
complete a contaminant and hazardous material site characterization of the abandoned 
Paragon mine and mill site located in the Prichard Creek drainage in order to prioritize the 
site for remediation. The contaminants and contaminant transport systems at the Paragon
site are defined and quantified by studying the surface water and groundwater systems as 
well as analyzing the geochemical and physical characteristics of the tailings, stream 
sediments, and alluvial deposits. This study also shows the importance of the abandoned 
Paragon mine and mill site as a contributor of metal-rich sediments and waters which 
degrade the downstream aquatic ecosystem and, when combined with other abandoned 
mine sites in the area, is part of a watershed scale cumulative pollution problem. An 
understanding of how these jig type tailings interact with the hydrologie system of the 
abandoned Paragon mine and mill site will be usefuU for numerous future projects in the 
same area with similar characteristics. Additionally, this study will note the physical 
differences between jig type tailings typically produced in the early 1900's and the more 
common modem milled flotation tailings which are typically much finer grained. 
Awareness of these differences in tailings types can be important when attempting to 
characterize contaminants and contaminant transport systems at any abandoned mine site 
which may contain either or both types of tailings.
STUDY AREA
The abandoned Paragon mine and mill site is located at T49N, R5E, S13 along 
Forest Highway 9 at the confluence of Paragon Creek and Prichard Creek, 10 miles to the 
northeast of Wallace, Idaho (Figures 1 and 2). The Paragon site sits at 3480 feet in 
elevation and is 3 miles downstream from the headwaters of Prichard Creek near 
Thompson Pass at the Montana-Idaho border. Prichard Creek flows past the small 
mining town of Murray, Idaho, six miles below the Paragon site, joining the Coeur 
d’Alene River 7 miles further downstream at the town of Prichard, Idaho. The Coeur 
d’Alene River joins the South Fork of the Coeur d’Alene at Kingston, Idaho and then 
flows into Lake Coeur d’Alene approximately 50 miles downstream from the town of 
Prichard, Idaho.
In 1890, the Paragon mine began processing lead/zinc/silver ore from the upper 
Prichard formation of the Belt Supergroup (Jones and Umpleby, 1923). Intermittent 
production continued through the 1930’s and the mine was abandoned by 1953 
(Hosterman, 1956). Veins of quartz occur in narrow zones of fissuring crosscutting the 
siltites and quartzites of the upper Prichard formation. Ore consisting of sphalerite (ZnS) 
and galena (PbS) occurs in lenticular bunches along these quartz veins, formed mainly by 
metasomatic replacement (Jones and Umpleby, 1923). The only record found dealing 
with ore grade and tonnage showed that by 1923 the mine operation had produced 30 
train-car loads of ore containing 40-50% zinc (Zn) and a few cars of lead (Pb) ore (Jones 
and Umpleby, 1923).
The main tailings deposit at the Paragon site is located at the confluence of 
Paragon Creek and Prichard Creek (Figure 3). Prichard Creek flows next to and in some
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areas actually cuts through the edge the Paragon tailings which consist of a poorly sorted 
mix of coarse angular tailings that range 1 inch diameter to silt size particles. The 
Paragon mill processed ore from several sources located in the lower 2 miles of Paragon 
Gulch, the remains of which today consist mainly of 5 adits, workings, and several waste 
rock piles on the hillsides.
Prelimioaiy tailings samples and total recoverable samples of water discharging 
from a seep on the downstream edge of the tailings pile into Prichard Creek were 
collected in December of 1995 by the USFS (Maryott and Northrup, 1995) and are 
summarized in Table 1 below. The tailings samples were taken from the surface of the 
upstream, middle, and downstream areas of the tailings pile. Published metal 
concentrations in Prichard formation rock units and soils as well as crustal abundances 
and ranges in U.S. soils are also included in Table 1 for comparison. Surface water pH 
measured in Prichard Creek near the site during a field visit in June 1996 was neutral to 
slightly alkaline.
TABLE 1:
Prelimioary Samples for Paragon and Published Regional Background Values 
(USFS - Maryott and Northrup, 1995)
Analysed by Silver Valley Labs - Kellogg, Idaho 
units in ppm - mg/L (water) and mg/Kg (tailings)
EPA Water Quality 
Criteria- Aquatic 
Life, Chronic
Samp. 1 
(water)
mean of 
Samp.2,3,4 
(tails)
Median value 
inE^cbaid 
Formation***
Median value 
inPndiard 
Soils***
Range in 
U.S. soils*
Crustal
Abundance
*•
Silver(Ag) - 0 .003 3.9 0.4 0.5 <l 01
Arsenic(As) 0.19 0 .0 4 0 17.3 - 10 0 .1 -93 1.5
Cadimum(Cd) 0.0002-0.0027 0.0179 109.1 0.5 1.3 0.06-1.1 0.2
C on«(C u) 0.002-0.030 .003 640 22 21 13-24 70
Iron{Fe) I .063 20166 30000 31000 10000-300000 50000
Merciny(Hg> 0.000012 0.0002 not tested 0.03 0.013 0054 .3 0.06
Lead(Pb) 0.0002-0.0129 0 .0 4 5896 34 54 10-67 10
Antiinony(Sb) - 0 .0 1 9 <2.7 I 1 0.05-4 1
Zbic(Za) 0.015-0.269 4.29 36300 60 140 17-125 80
• (NfcNary, 1995); •• (Boha, McNeal, and O’Conner, 1985) &  (Aubeit and Pinta, 1980); *** 
EPA data from Quality Criteria for Water, EPA, D-760,1986
[Gott and CatfaraU, 1980)
The preliminary water sample shows the presence of hazardous levels of some 
metals. Levels of Zn and Cd exceed Environmental Protection Agency aquatic life 
standards in the surface water and Cd also exceeds EPA drinking water Maximum 
Contaminant Limits (Appendix 9). Levels of Cd, Cu, Pb, and Zn are much higher in the 
tailings than in normal soils and Prichard formation rock units. These tailings contribute 
to the sediment load of Prichard Creek and also pose a hazard to recreationalists and 
animals who use the area. The Paragon site is a candidate for a CERCLA clean-up by the 
Forest Service because of this preliminary data, the location of the tailings dump in the 
floodplain of Prichard Creek, and the potential use of the site by the public due to ease of 
access (Northrup, 1996). The first step for the USFS in the CERCLA clean-up process is 
a site characterization which this study will fulfill
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METHODS 
Surface Water and Groundwater Methods
Surface water samples were obtained upstream, adjacent to, and downstream 
from the Paragon tailings pile area (Figure 4) in order to identify and, if present, quantify 
the amount of metals contamination contributed by the tailings pile into Prichard Creek. 
The only existing analytical data on the tailings pile was one water sample taken from a 
small amount of surface water flow which originated from the downstream end of the 
tailings pile and showed metals contamination (Table 4). For this study 10 locations 
were sampled. In order to establish a local background for surface water flow into the 
Paragon site, 5 sample locations were established upstream from the site; 2 on Prichard 
Creek, 1 on Sullivan Creek, a tributary into Prichard Creek, and 2 on Paragon Creek.
Three sample locations were located on Prichard Creek adjacent to the tailings area and 
2 locations were located downstream from the site (Figure 4). Surface water samples 
were taken in June, 1997 during a late spring high flow period and again in September, 
1997 during a sustained late summer low flow period.
Discharge estimates were obtained by measuring the depth of the stream at one 
foot intervals to obtain a cross sectional area and then multiplying by the velocity of a 
floating marker through a measured reach of the stream. Prichard Creek high flow was 
estimated at 85cfs and the low flow an estimated 30cfs just above the confluence with 
Paragon Creek. Paragon Creek was braided at the confluence with Prichard Creek and 
flowed at an estimated 4.5cfs at high flow and 1.4cfs at low flow. In addition to the 
samples from the creeks, 4 grab samples of surface water run-off from the tailings area 
were taken during an early winter snow melt event in November, 1997. Specific
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conductivity, pH, and temperature measurements were taken at each sample site. AH 
instruments used for water collection were acid-washed and deionized-water rinsed 
before use in the field. Surface water samples were depth and cross-sectionally 
integrated by hand with 250ml plastic sample bottles which were rinsed twice with 
sample water before obtaining the sample volume. The samples were transported on ice 
and refrigerated at 4 degrees Celsius until analyzed.
Groundwater samples were taken from wells located upstream from, 
within, and at the downstream end of the tailings area in order to identify and, if present, 
quantify the amount of metals contamination contributed by the Paragon site into the 
local groundwater system. There was no existing groundwater data on the Paragon site.
In July, 1997,6 wells were installed at the Paragon site using the USFS Region 1 
diamond drill which used Prichard Creek water from above the site as a drilling fluid 
(Figure 5). Four of the wells were located within the tailings area, 3 of which were near 
the downstream and downgradient edge of the tailings. In order to establish a 
background, 2 wells were located upstream and upgradient from the tailings area. Two 
of the wells located on the downgradient end of the tailings were constructed as triple 
nests in order to sample different levels of the water table. Well construction data can be 
found in Appendix 3.
Water levels in the wells were monitored once a month from September through 
December, 1997. Wells were surveyed for elevation in order to establish head and 
potentiometric surface to obtain a direction of flow for the groundwater at the Paragon 
site (Figure 5).
Wells were sampled in November, 1997 during a SOcfs flow period for Prichard
13
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Creek which was estimated using the same cross-sectional area and velocity measuring 
technique as described previously. All instruments used for water collection were acid- 
washed and deionized-water rinsed before use in the field. Groundwater samples were 
obtained using a PVC bailer or a plastic sampling handpump which were rinsed with 
deionized water after each sample. Specific conductivity, pH, and temperature 
measurements were taken at each site with each sample. Samples were filtered through a 
0.45 micron membrane with a 60ml plastic syringe, both of which were rinsed twice 
before obtaining final rinse and sample volumes. The sample was collected in a 50ml 
plastic sample container which had been rinsed twice with filtered sample water.
Samples were then preserved by acidification to a pH of less than 2 using 4 to 5 drops of 
trace-metal grade nitric acid.
Surface water samples were prepared for total recoverable metals by hot acid 
reflux (Appendix 4) (EPA Method 200.7,1979). Total recoverable surface water and 
filtered groundwater samples were analyzed for cations at the University of Montana 
Murdock Bio-Geochemistry Lab by ICAPES. Limit of detection was determined by 
multiplying 3 times the standard deviation of 10 replicates of the final blank in each 
series. Lab quality assurance and quality control results (Appendix 2) are summarized in 
Table 2.
Sediment Methods
Bed sediment samples were collected in September, 1997 at each of the surface 
water sample sites, excluding the run-off water sample sites in the tailings area. The 
purpose of sampling the bed sediments was to identify and, if present, quantify the 
amount of metals contamination contributed to Prichard Creek sediments by the
15
sediments from the Paragon site. There was no existing sediment data on Prichard 
Creek,
All collection devices were acid-washed and deionized-water rinsed prior to 
being taken into the field and were then rinsed thoroughly in stream water before and 
after each sampling. A plastic spoon was used to scoop up the top 1 to 3 cm of fine­
grained sediment Approximately 8 scoops over a range of 10 to 20 meters were 
composited and sieved through a 63 micron nylon mesh screen in a plastic funnel casing 
using ambient stream water. The sieving of sediments was necessary to limit grain size 
and control variability (Forstner, 1989; Horowitz, 1984). Sieved samples were collected 
in a plastic 250ml wide mouth bottle. Between each sample site, the sieving apparatus 
and collection spoon were washed with ambient stream water. Samples were stored on 
ice and transported to the University of Montana Murdock Bio-Geochemistry Lab where 
they were centrifuged at 2000 rpm for 15 minutes. Water was then decanted and the 
sediments were oven-dried at 70 degrees Celsius. After drying, samples were crushed to 
a fine powder in the sample bottle with an acid-washed and deionized-water rinsed glass 
rod and transferred to a labeled polystyrene snap cap vial. Samples were then digested 
by adding a mix of hydrochloric and nitric acid and heating in a microwave (method 
described in Appendix 4). Clarified digests were analyzed for cations by ICAPES. Lab 
quality assurance and quality control results (Appendix 2) are summarized in Table 2.
Four additional sediment samples were taken from dry run-off channels just 
below the downstream end of the tailings pile and are designated as “SS” samples in 
Figure 6. These samples were collected and analyzed in the same manner that the 
tailings and alluvuim samples were
16
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Tailings and Alluvium Methods
Tailings and underlying alluvial materials were sampled at the Paragon site from 
10 trenches excavated 5 to 8 feet deep (Figure 6). Eight of the trenches are located in the 
tailings area and the remaining 2 trenches are located upstream from the site in order to 
establish a background for alluvial samples. Four samples of tailings material were also 
taken from the surface sediment deposits in dry run-off high flow channels below the 
tailings pile. The purpose of sampling the tailings and alluvial material at the site is to 
quantify the amount of metals in the tailings and the alluvium that lies beneath them. 
Samples of the tailings and alluvium were also subjected to grain size analysis in order to 
estimate the hydraulic properties of the materials. By using the background alluvial data 
from the trenches just above the site the contaminant transport relationship between the 
tailings and underlying alluvium was investigated.
All collection devices were acid-washed and deionized-water rinsed prior to 
being taken into the field, A plastic spoon was used to scoop a representative wall 
sample of either tailings or alluvium into a 1 gallon plastic sample bag while in the 
trench. Tailings and underlying alluvium were sampled separately and in some cases 
further divided into smaller sections. Two sets of samples were taken in each case. One 
set o f samples was transported to the University of Montana Murdock Bio-Geochemistry 
Lab where they were sieved through a 63 micron nylon mesh screen to facilitate further 
analysis and comparison to the stream sediment samples as well as limit grain size and 
control variability. The samples were then crushed, digested, and analyzed in the same 
manner as the stream sediment samples. The other set of samples were taken to the 
USFS Materials Testing Lab in St. Maries, Idaho for grain size analysis. The samples
18
were sieved through a set of US standard sieves down to #200 mesh size. Three ball- 
milled tailings samples from the abandoned Silver Crescent mill in the East Fork of 
Moon Gulch, Idaho were collected from a natural cut face in the same manner as the 
trench samples and subjected to grain size analysis for comparison purposes.
Quality Assurance / Quality Control
All QA/QC results are shown in Appendix 2 and selected results are summarized 
in Table 2. All field, trip, equipment, and lab blank analysis for nearly all elements 
analyzed were below detection noting trace amounts of Fe, Mg, S, and Zn in several 
samples (Appendix 2).
TABLE 2. QA/QC Results Summary
Element AJ As ICd Cu iFe Pb Zn
Detection Limit 0.035 0.065 10.005 0.007 10.015 0.06 0.005
^Difference on Lab Duplicates
062297 JJ7  TRM O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+OO 4.87e+00 O.OOe+OO O.OOe+OO
11/18/97 JJPGEBB#2A O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+OO O.OOe+OO O.OOe+OO
11/18/97 JJPGGWDA#1 O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+OO O.OOe+OO 2.39e+00
11/18/97 JJPGGWDA#9 O.OOe+00 O.OOe+00 O.OOe+OO O.OOe+00 O.OOe+OO O.OOe+OO 6-43e-01
%Spike Recovery
062297 JJ7  TRM NA NA NA 1.18e+02 2.54e+02 NA 1.17e+02
11/18/97 JJPGEBB#2A NA NA NA 1.00e+02 1.14e+02 NA 1.05e+02
11/18/97 JJPGGWDA#1 NA NA NA 1.06e+02 1.25e+02 NA 1.78e+02
11/18/97 JJPGGWDA#9 NA NA NA 1.03e+02 1.30e+02 NA 3.21 e+02
Standard Deviation of Field Duplicates (values in ppm)
Surface W ater Duplicates
mean 6/22/97 (2 samples) O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+OO O.OOe+OO O.OOe+OO
mean 9/10/97 (2 samples) O.OOe+00 O.OOe+00 O.OOe+OO O.OOe+00 O.OOe+OO O.OOe+OO 7 00e-03
Groundwater Duplicate
11/18/97 (1 sample) O.OOe+00 O.OOe+00 O.OOe+00 O.OOe+OO O.OOe+OO O.OOe+OO 8.00e-03
Stream Sediment Duplicates
mean (3 samples) 4,60e+02 7.80e-01 2.00e-01 4.40e+00 7.81e+02 1.23e+02 3.65e+01
Tailings Duplicates
mean (2 samples) 4.87e+02 3.95e+00_ 1.13e_+0T 6.99e+01 2.35e+03L 3.07_e+_03 2.84e+03
19
RESULTS 
Surface Water
Analysis results of surface water samples from high flow in June, 1997 and low 
flow in September, 1997 show very low concentrations of nearly all elements analyzed 
(Table 3). Complete analysis results for surface water sampling are shown in Appendix
5.
Table 3. Selected Total Recoverable Metals in Surface Water Samples (concmmtratmons in ppm) 
High Flow sampled 6/12/97, Low Flow sampled 9/10/97
Sampte n> & Date AI As Cd Cu Fe Pb Zn
Prichard Cr. Samples
m  swtrm (down8tream)6/22 BDL BDL BDL BDL BDL BDL BDL
n i  swtnn (do>vnstream)9/10 BDL BDL BDL BDL BDL BIX, 1 806-02
m swtnn (dowQ3tiean))6/22 BDL BDL BIX, BDL BDL BDL BDL
JJ2swCmi (downstreatn)9/10 BDL BDL BDL BDL 2.20c4)2 BDL 5006-02
JJ3swtnn (along tails)6/22 BDL BDL BDL BDL BDL BDL BDL
IJ3swtno (along tail»)9/l0 6 50&O2 BDL BDL BDL 6.60e-02 BDL 2.606-02
rJ4/5swtnn (along tails)6/22 BDL BDL BDL BDL BDL BDL BDL
JJ4/Sswtm (along tails)9/lO BDL BDL BDL BDL 2.60e^2 BDL 4,70e^2
lJ6swtrm (along taüs)6/22 BDL BDL BDL BDL BDL BIX, BDL
I16swtnn (along taib)9/10 BDL BDL BDL BDL 2.30e4)2 BDL 4.406-02
lJ75wtnn (up3tream)6/22 BDL BDL BDL BDL BDL BDL BDL
lJ79wtnn (opstrcain)9/10 BDL BDL BDL BDL 2.50e-02 BDL 2.7064)2
IJtl swtrm (upstream)6/22 BDL BDL BDL BDL BDL BDL BDL
JJl 1 swtnn (up6tream)9/10 BDL BDL BDL BDL BDL BDL 7.00&03
Paragon Cr. Samples
BDLJJSswtnn (Paragon Cr.)6/22 BDL BDL BDL BDL BDL 2.40e-02
IJSswtm (Paragon Cr.)9/10 BDL BDL BDL BDL BDL BDL 1.65e-01
JJ9/l0swtrm (Paragon Cr.)6/22 BDL BDL BDL BDL BDL BDL 1.206-02
n9/10swtrm (Paragon Cr.)9/10 BDL BDL BDL BDL BDL BDL 9.9064)2
Background
i J \2swtnn (Sullivan Cr.)6/22 BDL BDL BDL BDL BDL BDL BDL
Hl26wtm(SuHivan Cr-Mtt ■-----DDL----- ___ — ------ ___
All metal concentrations with the exception of Zn and Fe were either below or very near 
the detection limit. Concentrations of Zn were low to below detection in the June high 
flow samples although the September low flow samples contained trace concentrations
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of Zn ranging from 0.007 to 0.16ppm (Table 3).
Specific conductivity ranged from 0 to 20uS and pH ranged from 6,55 to 7.47 at 
the surface water sample sites on Paragon Creek and Prichard Creek. Water 
temperatures at the Paragon Creek and Prichard Creek sample sites ranged from 6-7 
degrees Celsius in June, 1997 and 9-11 degrees Celsius in September, 1997 (see 
Appendix 5).
Surface water data that was collected shows elevated levels of Zn in the samples 
from Paragon Creek. The Paragon Creek sample JJ8 was taken near the confluence of 
Prichard Creek and Paragon Creek while the Paragon Creek sample JJ9/10 was taken 
further up Paragon Gulch (Table 3, Figure 4). The concentration of Zn in Paragon Creek 
at sample sites JJ8 and JJ9/10 exceeds the lower range values for the EPA hardness 
dependent chronic and acute aquatic life standards (Appendix 9). The volume of water 
flowing in Paragon Creek was observed to be approximately 5% of the total flow of 
Prichard Creek during both high flow and low flow conditions.
Analysis results of the tailings surface water run-off samples taken from a period 
of snow melt in November, 1997 showed h i^ e r  levels of metals than any stream water 
samples (Table 4). Concentrations of A1 ranged from detection (0.035ppm) to 0.21 ppm, 
Cd ranged from detection (0,005ppm) to 0.017ppm, Pb ranged from detection (0.06ppm) 
to 0.3ppm, and Zn ranged from detection (0.005ppm) to 5.7ppm.
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Table 4. Selected Total Recoverable Metals in Surface Water Run-Off Samples
(concentrations in ppm)
Sample ID Al As Cd Cu Fe Pb Zn
ROl l.l3e-01 BDL 6.00e-03 l.lOe-02 2.89e-01 BDL 1.97e+00
R02 2.14e-01 BDL L73C-02 120e-02 7.34e-01 2.32e-01 4.21e+00
R03 1.09e-01 BDL 1.73e-02 9.00e-03 3.76e-01 3.020-01 5.70C+00
R04 BDL BDL BDL BDL BDL BDL BDL
Surface run-off sample locations are designated as samples and can be seen 
in Figure 4. Sample ROl was taken from a wetland area about 50 feet to the east and up 
gradient of the middle of the tailings area. Samples R02, R03, and R04 were taken 
from the lower, middle, and upper areas of the tailings pile respectively. Samples R02 
and R03 had similar levels of Cd, Pb, and Zn which all exceed EPA aquatic life criteria 
with the Cd and Zn concentration in sample R03 exceeding EPA human health MCLs 
(Appendix 9). Sample R04 had no detectable metals while sample ROl, which can be 
considered a background value because it is located up gradient and off of the tailings 
area, had concentrations of Zn which exceeded aquatic life criteria as well as detectable 
levels of Al. Specific conductivity of samples ROl through R04 ranged from 10 to 20uS 
and pH ranged from 6.7 to 7 in samples R02, R03, and R04 while sample ROl had a 
pH of 5.9.
Groundwater
Analysis results of groundwater samples showed low to below detection limit 
concentrations of all metals analyzed with the exception of Fe, Zn, and Cd (Table 5). 
Complete analysis results for groundwater sampling are shown in Appendix 6.
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Table 5. Selected Dissolved Metals in Groundwater Samples (concentrations in ppm)
Sample ID AJ As Cd Cu Fe Pb Zn
Up gradient from tailings
niGWFSMl BDL BDL BDL BDL BDL BDL 8.78e-02
JJ2GWFSM2 BDL BDL BDL BDL 4.25e-02 BDL 1.97e-02
Wells through tailings
JJ3FSM3 BDL BDL BDL BDL 1.55e^2 BDL 626e-01
W6FSM4 BDL BDL l.lOe-01 BDL BDL BDL 2.80ef00
JJ9FSM5 BDL BDL 9.00e-03 BDL 2.30e-02 BDL 2.00e+00
JJ11FSM6 BDL BDL l.IOe-02 BDL BDL _____SPJr-. 2.79eHK)
Levels of Zn in the groundwater samples were above detection in all 6 wells (Table 5). 
Specific conductivity of the groundwater samples ranged from 10 to 40uS and pH ranged 
from 5.8 to 6.7. Water table elevation changes were monitored in each of the wells 
during September, October, November, and December of 1997 (see Appendix 6). Wells 
were also surveyed with a level in order to establish a general direction of groundwater 
flow at the site which is from east/northeast to west/southwest with well FSM-1 being the 
furthest up gradient (Figure 5). Groundwater samples from wells FSM-1 and 2 represent 
background concentrations as they are located up gradient from the site. Groundwater 
samples from wells FSM-4, 5, and 6 had concentrations of Cd and Zn which exceed EPA 
human health MCLs (Appendix 9). Tailing thickness data obtained during well drilling 
and trenching (Figure 7) combined with water table elevation measurements showed that 
only the bottom 6 to 12 inches of the tailings layer in the lowest most down gradient area 
near well FSM-4 directly contacted the water table during the months monitored All 
other well locations in the tailings area had water table elevations at least 3 feet below 
the bottom of the tailings which shows no direct tailing / water table contact over the 
majority of the site.
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Figure 7. Paragon Creek—
Paragon Abandoned 
Mine Site 
Tailings Thickness Data 
From Weils and Trenches
#  (TR) =Trench
#  (FSM) =Well
T ailings Pile
—  Road
TRIO
FSM-5
Forest
Highway 9
3.0ft 
#
FSM-3
FSM-4
1 inch = 53ft
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Stream Sediment
Streambed samples were taken at each surface water sample site on Prichard 
Creek and Paragon Creek (Figure 4), digested, and analyzed for total recoverable metals 
(Table 6) by hot acid reflux (Appendix 4) (EPA Method 200.7,1979). The JJ l2 Sullivan 
Creek (tributary) sediment sample as well as the Prichard Creek sediment samples 
upstream from the site (JJl 1 and JJ7) are considered background and contain metal 
concentrations similar to those found in Prichard formation soils (Tables 6 and 1). 
Concentrations of metals including Cd, Pb, Zn, Ni, and Cu in sample JJ8 from Paragon 
Creek near its confluence with Prichard Creek were 1 to 2 orders of magnitude higher 
than background.
Several 3-4 foot wide surface water run-off channels on top of and at the 
dovmstream toe of the tailings pile were observed in the field showing direct 
contributions of sediment into Prichard Creek from the tailings pile. These run-off 
channels were dry at time of sampling. Locations of these dry run-off channel sediment 
samples are referred to as “SS” and can be seen in Figure 4. Analysis results of these 
run-off channel sediments show very high concentrations of metals (Table 6).
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Tabic 6. Selected Metals in Stream Sediment Samples (concentratioiis io ppm)
Sample ID Al As Cd Cu Fe Pb Zn
Prichard Cr Samples
JJl SED (downstream) 9.17e+03 1 33e+Ol 2.53e+00 3.24ef01 1.69e+04 2.61e+n2 5.19C+02
IJ2SËD  (downstream) 9.54e+03 I.l2e+01 2.42e+00 3.43e+01 I.66e+04 2.93e+02 4.43e+02
JJ3SED (along tailings) 1 OOe+04 1.47e+01 329e+00 4.20e+0l 1 84e+04 5.18e+02 5.60e+02
JJ4/5SED (along tailings) l.Ole+04 1.38e+01 4.76e+n0 473e+Ol 1.78eH)4 6.31eH)2 8.25e+02
JJ6SED (along tailings) 1.02e+O4 1 O4e401 2.25e400 3.59e+01 1 61ef04 3.88eH)2 3.91e+02
JJ7SED (iqwtream) I.06e+04 1.30e+01 1.32e+00 3.35e^l l.57e+04 r02e401 2.0Ie+02
JJIIS E D  (upstream) l.OOe+04 8.34e+00 7.69e-01 2.91e+01 1.35e+04 3.66e+01 8.55e+01
Paragon Cr. Samples
JJ8SED (Paragon Or.) 1.16e+04 7.36e+01 1.02eH)l 3.15eH)2 5.27e+04 9.93ei03 2.19e+03
JJ9/10SED (Paragon Cr.) 1.72e+04 2.67e+01 8.43e400 3.93e401 2.56e+04 9.41 e+02 1.40e+03
Background
JJ12SED (Sullivan Cr.) l.OOe+04 8.06e+00 1 44e+00 2.99e+01 1.63C+04 6.75e+01 7.53e+01
Run<Ofif Channels
JJSSl 6.34e+03 3.96e+0l 1 52e402 2.01e+03 4.33e+04 3.77e+03 4.27e+04
JJSS2 5.89e+03 2.58e+01 1.32e+02 9,05e+02 5.11e+04 1.69e+04 6.52e+04
JJSS3 8.07e+03 3.03e+01 3 56erH)l 3 lSe+02 3.49e+04 3.75e+03 8 44C+03
DSS4 4.81e+03 5.49e+01 2.74e+01 5 13e+02 119e+05 8.22e+04 8.95e+03
Tailings and AUuvium
A tailings pile volume estimate was calculated at 6,700 cubic yards. This 
estimate was obtained using the tailings thickness data firom trench sampling and well 
drilling (Figure 7). A compass and tape perimeter survey of the tailings pile was done in 
the field and the area was segmented according to thickness data in order to estimate 
volume.
Analysis of tailings and alluvium samples show high concentrations of metals in 
the tailings material and much lower concentrations in the underlying alluvium 
(Appendix 8). Table 7 shows analysis results for selected metals. The underlying
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alluvium is elevated in Pb and Zn over background alluvium samples from trenches I 
and 2. Sample locations can be found in Figure 6. and correspond with the “TR” in the 
sample ID in Table 7 and Appendix 8.
Table 7. Selected Metals in Tailings and Alluvium concentrations in ppm)
Al As Cd Cu Fe Pb Zn
Trench # and Sample ID
JJ TRl PG (background) 1.19e+04 l.OOe+01 9.400+00 5360+01 2.22O+04 5 .860+O2 1.550+03
JJ TR2 PG (background) 3.24e+04 1.50e+Ol 9.30O+00 2.590+01 2.04O+04 2.350+02 1.840+03
MEAN 2.22e+04 I25e+0I 9 40e+00 3.97e+0I 2.I3e+04 4.IIe+02 I.69e+02
JJ TR3 PG ALLUVIUM 4.40e+04 1.560+01 2.630+01 1.810+01 2.030+04 1.870+02 2.850+03
JJTR4PG ALLUVIUM 7.42e+03 1.570+01 1.790+01 LOOo+02 2.850+04 3.51O+03 3.770+03
IJ TR5 PG ALLUVIUM 1 Ole+04 BDL Î.S5O+01 4.140+01 2.160+04 4.940+02 8.54O+03
JJ TR6 PG ALLUVIUM 1 23e404 1.67e+0I 2.580+01 5.170+02 2 ,680+04 2.04O+03 4 04O+03
JJ TR7 PG ALLUVIUM 1.08e+04 8.10e+00 1.510+01 5.590+01 1.940+04 6.420+02 6260+03
JJTO8PG ALLUVIUM 6.44e+03 BDL 1.610+01 8.920+01 1.720+04 2.490+03 2 860+03
JJ TR9 PG ALLUVIUM 1.16e+04 1.770+01 7.100+00 1.680+01 2.370+04 3.510+01 1.250+03
JJ TRl 0 PG ALLUVIUM l,25e+04 2.40e+01 2.370+01 3.20e+02 3.64O+04 1.850+04 6.870+03
MEAN J.44e-^04 I.22e+0] J.88e+01 !.45e+02 2.42e+04 3.48e+03 4.56e+05
JJTR3PG TAILS 4.30eH)3 2.230+02 1 310+02 1 8O0+O2 4.880+04 4.270+04 5.770+04
JJTR4PG TAILS 4.80e+03 2.640+01 2.630+02 6.460+O2 4.490+04 1.210+04 6.120+04
JJTR5PG TAILS 3.76e+03 3.370+01 4.82O+02 6.02O+02 4.170+04 1.670+04 9,980+04
JJTR6PG TAILS BOT 3.80e+03 4.850+01 9510+01 7.280+02 1.330+05 6.50e+04 2.80O+04
JJTR6PG TAILS TOP 4.24e+C3 1.90O+02 2.180+02 2.90e+02 8.O60+O4 1.730+04 6.440+04
JJTR7PG TAILS 4.95e+03 2 750+01 3.70O+02 5.I60+O2 4.92O+04 4 .O80+O3 8.440+04
JJTR8PG TAILS 4.31e+03 2.150+OI 9450+01 l.lle+03 5.230+04 4.860+04 5.49e+04
JJTR9PGTAILS 4.290+03 2.520+01 1.560+02 2.130+03 6.580+04 7 650+04 5.600+04
JJTRIOPGTAILS 3.97e+03 5810+01 6.87O+01 6.170+02 1.310+05 8.34O+04 1.890+04
MEAN 4.27e+03 7.27e+01 2.09e+02 758e+02 7.J9e+04 4.07e^04 5.84e+04
Grain Size Analysis of Tailings and Alluvium
Grain size analysis of 8 tailings samples and 5 underlying alluvium samples 
obtained during trenching showed distinct physical differences in both materials. For 
comparison purposes, 3 samples of tailings from a different site that were milled in a ball
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mill were also analyzed (see Appendix 10). Figures 8 and 9 show the mean of the 
Paragon jig tailings samples, alluvium samples, and milled tailings samples plotted as 
cumulative percent retained versus grain size in thousandths of an inch.
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Figure 8. S ieve Analysis Results: Mean of Paragon Jig Tails, Alluvium and Silver C rescent Milled Tails
(0 -100 thousandths ot an inch scale)
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Figure 9. S iev e  Analysis Results: Mean of Paragon Jig Tails, Alluvium and Silver C rescent Milled Tails
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DISCUSSION
Upon field inspection of the Paragon tailings area and after reviewing the results 
obtained in this study it is evident that the tailings pile at the site is a large highly 
contaminated reservoir of metals. The large amount of sulfides containing Fe, Zn, Pb, 
and other elements left over in the tailings are being oxidized to produce sulfates, 
sulfuric acid, and the trace elements. Acidic mine drainage has been shown to greatly 
increase the amount of metals transported in the solute phase (Filipek et al., 1987; 
Eychaner, 1991). At mine sites where acid mine drainage does not occur the metals 
transported away fî om the site tend to be in the form of sediment due to low solubility 
with precipitation and adsorption of these metals in near neutral to slightly alkaline pH 
environments (Benjamin and Leckie, 1981; Forstner 1982; Rampe and Runnels, 1989; 
Davis et, al., 1991). The acids that are produced during the oxidation of the sulfides at 
the Paragon site are being neutralized by carbonate minerals within the tailings and 
surrounding country rock, therefore the pH values in nearly all ambient waters at the site 
are not acidic but are neutral to slightly alkaline.
Surface Water and Groundwater
The presence of elevated Zn in Paragon Creek is most likely due to the natural 
background levels of metals in the drainage as well as the numerous workings and waste 
rock dumps located within 2 miles upstream. Concentrations of several elements in 
Prichard Creek including Zn were higher during the low flow sampling period than 
during the high flow sampling period which is most likely a product of dilution by snow 
melt waters containing lower concentrations of metals. Lower flow means less dilution 
and thus higher concentrations of contaminants in the water column (Bencala et. al.,
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1987; Kimball, 1991; Wetherbee and Kimball, 1991).
The surface water run-off data from the sampled snow melt event does show that 
levels of Cd, Pb, and Zn can be elevated above EPA criteria in waters running off of or 
ponding on top of the tailings. The run-off data shows the potential for environmentally 
degrading contributions of heavy metal rich water from the tailings area flowing into 
Prichard Creek during similar events. These surface water run-off samples (Table 4) had 
concentrations of metals higher than both the stream water samples (Table 3) and 
groundwater samples (Table 5). The initial 1995 surface water sample taken from a seep 
that originated at the base of the tailings pile (Figure 4) is similar to samples R02 and 
R03 with respect to Cd and Zn concentrations.
Tailings piles can contain geochemical conditions which favor the release of 
metals to groundwater which can remain in the solute phase until the water is neutralized 
at the surface water / groundwater interface and the metals are precipitated and adsorbed 
onto sediments (Blowes and Jambor, 1990; Callender et. al, 1991). Although the 
tailings at the Paragon site are nearly all located in the unsaturated zone (Figure 10), the 
groundwater sample results from the Paragon site show an increase in Cd and Zn 
concentrations in wells FSM4, FSM5, and FSM6 (Table 5) which are at the down 
gradient end of the tailings pile (Figure 5). Increasing Zn and Cd contamination in the 
groundwater as it flows under the site is not necessarily due to direct tailings / 
groundwater interaction but is most likely due to groundwater interaction with 
contaminated alluvium beneath the tailings as well as the influx of contaminated water 
through the tailings. The estimated origination point of the seep at the downstream end 
of the tailings pile sampled in December, 1995 is in an area that was 3-4 feet above the
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Figure 10.
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water table during December, 1997. This seep sample is not contaminated groundwater 
flow but an example of the unsaturated flow that is occurring within the tailings pile. 
Stream Sediments
Contaminated stream sediments can have long term negative effects on the 
aquatic biota (Gibbs, 1973; Jene and Luoma, 1977; Feltz, 1980; Giddings, 1983). The 
sediment / water interface is the location where active downstream transport and 
exchange of metals takes place, increasing the bioavailability of these metals, and posing 
just as significant an environmental threat as metals purely in the solute phase (Horowitz, 
1982; Salomans and Forstner, 1984; Elder, 1988; Luoma et. al., 1989). Changes in the 
streams characteristics such as discharge fluctuations, additional sediment input, 
baseflow, biotic activity, and high dissolved organic matter can also increase the 
bioavailablilty of metals in sediments once they are in the system (Salomans and 
Forstner, 1984; Elder, 1988).
Concentrations of Cd, Pb, and Zn are much higher in Prichard Creek sediments 
below the Paragon Creek confluence along side and below the tailings pile than in 
Prichard Creek sediments upstream of the confluence. When contaminated sediments 
mix together with uncontaminated sediments they increase the overall contamination in 
the uncontaminated sediments at the mixing point A downstream decreasing trend in 
spatial distribution of contaminant concentrations can then be seen below the source 
(Chapman et. a l, 1983). From the stream sediment data (Table 6) it is evident that 
Paragon Creek is contributing contaminated sediments into Prichard Creek adjacent to 
the upstream end of the tailings pile. The upstream Paragon Creek sediment sample 
(JJ9/10) has metal concentrations that are in most cases closer to background values than
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to the lower Paragon Creek sediment sample (JJ8) (Figure 4). This data indicates that 
high levels of metals found in sediments at the lower end of Paragon Creek near the mill 
workings area are most likely due to contamination firom the mill and waste rock as 
opposed to a high natural background level. These results show definite contribution of 
contaminated sediments from Paragon Creek into Prichard Creek-
Obvious contribution of sediment and tailings into Prichard Creek from run-off 
channels at the downstream end of the tailings area was observed in the field (Figure 4) 
and sampled (JJSSl-4, Table 6). These run-off channel sediments have metal 
concentrations which are much higher than any stream sediment samples and show direct 
contribution of contaminated sediments into Prichard Creek from the tailings area during 
high flow and run-off events.
Tailings and Alluvium
Spatial trends in metal concentrations are not evident within the tailings or 
underlying alluvium strata. The tailings samples have much higher concentrations of Cd> 
Cu, Pb, and Zn than background or underlying alluvium samples.
Grain size analysis can be used to estimate the hydraulic conductivity (K) of a 
material although the Paragon jig tailings and underlying alluvium are too unsorted to 
obtain a precise estimate (Driscoll, 1986). A qualitative comparison of the materials K 
can be accomplished by considering the relationship between permeability, sorting, and 
grain size. As the median grain size of a material increases so does the permeability and 
K (Driscoll, 1986; Fetter, 1988). Although several other factors contribute to the K of a 
material the relative difference between the median grain sizes of the jig tailings and 
underlying alluvium along with their similarly flat-unsorted curve types show a probable
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large difference in K. Field observations during trench sampling indicate an even larger 
K difference between the jig tailings and underlying alluvium as the alluvium was 
packed tightly around large impermeable cobbles and boulders which made up 
approximately 20% of the material and could not be sampled (Figure 10). A 20% 
volume addition of large and impermeable material would lower permeability, decrease 
sorting, and further decrease the K of the alluvium.
Recharge water from precipitation and snow melt becomes contaminated with 
metals as it flows through the unsaturated jig tailings which contain oxidizing sulfide 
minerals. The difference in K between the jig tailings and underlying alluvium is 
important because it means that water tends to flow more easily through the jig tailings 
than through the underlying alluvium. It is likely that as water filters through the higher 
K tailings and encounters the lower K alluvium it tends to flow down gradient and more 
horizontally in the bottom section of the tailings along the top of the alluvium rather than 
down through the alluvium and into the groundwater table (Figure 10). This 
hydrogeologic situation is known as interflow in which water naturally accumulates and 
flows down gradient along a higher K / lower K boundary above the water table (Fetter, 
1988). This scenario most likely explains the contaminated seep down gradient from the 
tailings sampled in December, 1995. The seep is a product of an interflow that surfaces 
on the hiUslope at the downstream toe of the tailings pile several feet above the 
groundwater table.
Comparisons of K can also be made for the samples from the fine grained milled 
tails in Figures 8 and 9. K in the milled tailings would be less than the K of the sampled 
alluvium and many orders of magnitude less than the K of the jig tailings. This K
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relationship is an important consideration when investigating a site that has jig tailings 
and can be applied to several similar sites in the Prichard Creek watershed. Although 
milled or flotation tailings may have more surface area for water-rock chemical reactions 
to occur they may not be as hydraulically conductive as jig type tailings. Jig tailings may 
have less surface area than milled or flotation tailings but water is able to move through 
the material at a faster rate and under the right conditions could contribute larger 
amounts of metals in lower concentration-higher volume flows. Furthermore, there is a 
high probability of higher concentrations of metals in jig tailings than in milled or 
flotation taihngs due to the older and more inefficient jig gravity method.
36
CONCLUSIONS
This study showed very little surface water contamination is being contributed to 
Prichard Creek from the Paragon tailings site. Levels of Zn in Paragon Creek are 
elevated near its confluence with Prichard Creek. Run-off from the surface and 
unsaturated flow through the tailings contributes metals to Prichard Creek. Some 
groundwater contamination can be seen at the downstream end of the site in the form of 
elevated levels of Cd and Zn although very little direct water table / tailings interaction 
takes place at the Paragon site. The groundwater contamination is coming from an influx 
of unsaturated flow through the tailings above the water table.
The jig type tailings at the Paragon site are very high in metals including Cd, Cu, 
Pb, and Zn. The alluvium underlying the tailings is also elevated in Pb and Zn above 
background concentrations. Grain size analysis and depositional characteristics show 
that the jig type tailings have a higher hydraulic conductivity (K) than the underlying 
alluvium. Jig type tailings can have a much higher K than milled or flotation tailings 
which is an important consideration when investigating contamination pathways at sites 
with either or both types of waste. Snow melt and other forms of recharge at the site 
travel across and down gradient through the tailings to the top of the underlying and 
lower K alluvium. The lower K alluvium causes a shallow subsurface interflow to 
develop in a down gradient direction. In some cases this flow intersects the surface at the 
downstream toe of the tailings pile as a contaminated seep.
By completing simple mass balance equations, the fraction of metals contributed 
as sediments into Prichard Creek from both Paragon Creek and the eroding end of the 
tailings area can be quantified. Results from these mass balance calculations are shown
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in Appendix 7. The mass balance results show that there is a small amount of 
contaminated sediment being regularly introduced from the Paragon abandoned mine and 
mill site into the Prichard Creek sediment load. Less than 10 percent of Cd, Cu, Pb, and 
Zn in the sediments of Prichard Creek just downstream of the confluence with Paragon 
Creek are due to Paragon Creek sediments. The mass balance results show almost no 
contribution of Cd, Cu, Pb, and Zn in the sediments of Prichard Creek fiirther 
downstream due to tailings erosion, although physical evidence (erosion channels) at the 
site shows that the tailings pile is a direct source of sediments.
Overall this study shows that the Paragon abandoned mine and mill site 
contributes to the degradation of the immediate area and downstream aquatic ecosystem. 
Additionally, the existence of the tailings pile in the floodplain could be a large potential 
source of metal rich sediments for Prichard Creek in a flood situation. If no action is 
taken at the site, potential for further erosion of metal rich sediments during high water 
events will persist. As a result of sulfide oxidation, metals will continue to be leached 
out of the tailings pile and enter the surface water system, most likely coordinated as 
hydrated metal cations (Filipek et. al., 1987; Eychaner, 1991). These cations will seek 
maximum stability towards equilibrium once they enter the surface water and will 
precipitate out of solution due to dissolution-précipitation or oxidation-reduction 
reactions as well as possibly bind to inorganic and organic compounds to form metal 
complexes (Benjamin and Leckie, 1981; Forstner 1982; Rampe and Runnels, 1989; Davis 
et. al., 1991).
One method of remediation at the site would involve adding some type of 
amendment to the tailings and contaminated soils. Many methods of soil remediation
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have been developed to target soils and tailings which are enriched in metals. Some soil 
remediation methods that target soils and tailings rich in zinc and cadmium include 
recovery of the metals by flotation treatment of the soils, the use of organic acid salts and 
chelating agents to remove the metals, as well as the addition of humic acid and 
phosphate to promote sorption and retard the mobility of zinc in soils or tailings 
(Venghaus, 1998; Wasay et. al., 1997; Leung et. al., 1997). In general, adding some type 
of organic amendment to the tailings and contaminated soils would curtail metal mobility 
by binding the metal cations in solution to metal complexes, although in some cases 
complexation with negatively charged ligands may actually increase the leaching of 
heavy metals (Manahan, 1993). The contribution of metals in solution leaching from the 
tailings could be eliminated by successfully binding the metals in situ. This remediation 
technique would not eliminate the potential for further erosion of metal rich sediments 
from the site during high water events.
Another very effective way to remediate the Paragon tailings area would be to 
remove all of the tailings material along with any contaminated underlying alluvium to a 
suitable repository. By removing the source of metal rich sediments from the flood plain, 
future contributions from the Paragon tailings site to the downstream degradation of 
Prichard Creek would be negated. The process of metals leaving the site in solution 
would also cease due to the removal of the oxidizing sulfides which are the source of the 
metals. Additional investigation should be done in the lower end of Paragon Creek near 
the mill building to explore practical remediation possibilities.
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APPENDIX 1: Conversion Factors
46
Conversion Factors
Multiply by To Obtain
inches 2.54000508 centimeters
feet 0.30480 meters
cubic feet 0.02832 cubic meters
cubic yards 0.76456 cubic meters
miles 1.609 kilometers
47
APPENDIX 2: Lab and field QAJQC results.
Lai) Dups and Spikes
Sample Name 8g3280 AI3082 AslSSO 0 4 9 7 6*2335 B*23W Ca3l79 662285" Co22B6 Cf2677 Cu3247 CÜ3273 feZ389 Hoi942 1C7884 ■ 08707 " U02852
3.009 3.035 3.065 1005 3 005 )001 501 0665 3.01 5.665 6605” 1667 565 J T ~ 1605 1665
<0.009 <0.085 <0.065 <0.005 <O.O05 <6.001 <6.01 <6.60r <0.01 <01565 <0605 <0:007 <0315 <0.65 <0.5 ?0.065 <0.605
062267 Jj7  TRM NA <0035 <0.065 <0.005 5Ut0'1 <0.001' 3.5235 <0.665 <001 <01565" <O.0O5 <0.667 16154 4005 405 ’<8.005 " 1121
062297 JJ7 TRMÛUF* NA <0.035 <0.065 <0.005 301025 <0,001 3 5325 <0605 <001 <0.005 <0.005 <0.067 361815 <065 <05 «0605 9.11635
062207 SPIKE NA 5.115 <0.065 <0.005 3.2512 <0,001 32.3 <0.005 <0.01 <0.665 D.ornr " D.6118 10905 <0.05 56107 ■10.78■ -
% diff. on dups NA NA NA NA B 85149 ' NA 1.718198 NA NA ■ NA "
'
NA N3T"" 487613 NA NA NA" 1603838 ■
spike cone NA 0.2 t» 301 3,01 3.03 b  / 101 10 ■% spike recovery Na 121.0213 166.6627” ii5 IfS” ' 2543417 TI8.3 167 1086184
11/18/07 JJPGÉB6#2A NA «0.035 <0.065 <O.O05 <0.005 <0.001 <O.0l <0.005 <0.61 <0.665 <6.0o5 <o.6or <0.015 <0.65 <0.5 <6:008 " <0.665 ■
11/18/97 JJPGEBB#2A LD NA <0.035 <0.085 <0.005 <0.0% <O.GOl <6.01 <o.6o5 <0.61 ÏIT605 <6,005 <0.007 <0.015 <6.05 <05 <0005 <0.005
T1/157S7 UPG£B6#2A SP NA <(T.035 <0.065 <0.005 3:200 <0.001 to.15 <6.605 <0.01 <61X55”  ■10682“ 101 3.0342 <6.05 %288 161 10:3 ■
% dtff, on dups NA NA NA NA NA NA NA NA NA” NA NA Njr NA NA NA NA NA'
spike cone NA ■ " 3.2 30 301 301 363“ 2.5 9,61 TO "
% spike recovery NA” 104.5 100.8 92 100 ■ 114" @T5? 166 " " 103
1 i/18/97 JJPG<3WDA#1 NA <0:035 <0.065 <0.005 3.0081 <0.001 5961? <0OO5 <0.0l <O.0o5 <0005 <01507’ ' <6.015 ■ <065" <06" <6665- 9.5865
11718/97 JJPSGWDA#1 LD NA—  ■ <0.035--- <0065 <0.005 3.008 <0001 18633 <0.065 <0.01 <0.0o5 <0605 n <0.007 <0.615 <0.05 <0.5 <0605 " 12743 ■
11/18/97 JJPSGWDA#1 SP " NA ■ J0A84 <0.065 <0.005 12139 <0.001 31.03 <6,005 <0.01 <0.605 9,0084 10108 3.0376 <0.05 2653” 3,01 1084
% diff. on dups NA' ■ NA NA NA 1.234568 NA 1.986241 NA NA NA NA NA" NA FBT NA" NA 2:210339
1spike cone NA 32 30 5.01 101 3.03 rs"" 9.01 " 16% spike recovery NA 103,3275 100.7566 l4 108 ■ ■ 1553333" 102.32 too 1033034
<0.005 ^11/16/07 JJP<5CWOA#9“ ■ NA <0035 «o.oes" <o,oo5 30212 <0.001 2073 3.0082 <0.61 <ouor : <6.007 <6.615 <0,05 4 0 3 " '" " <0.005 94378
11 ;i8/6rj3PGGW O/l#9 LD NA ■ ■ <0.035 <0M 5 ■■<0.005 ■ <0.001 ioT T 10082 <0.01 <6.005 <0.665 <6.607 <0.615 <0.05 <0.5' <0005 1442 ■”
1171ô/ô7'JDPOQWDAW SP NA 5.0458 <0.065 <0.005 T i2 3 T ' «0:001" 31.66 3.0061 <0.01 <0D05” 30084 IO103 30391 <0 05 " rrr 96699 Î0 6 "  '
% diff on dups NA­ NA NA NA 3 NA )048239" 3 NA NA NA NA" NA Na NA" NA 1665484
spike cono NA 32 30 3.01 301 103 26 301 10
% spike recovery NA 102,01 100.0482 34 103 130.3333 98.8 » ■ 104.0418
-p̂
oo
Lab Dups and Spikas
Sample Nama Mn2605 Mo2020 Na5869 N8S695 NK316 P_1782 Pb2203 0 8 0 7 562068 Se1980 513124 SnT899 8r4315 W s 4  ■ hniW8 ■ 7T 102 2n2T38
PÙL (ppm) 0.005 5.02 5.1 5:015 5.0? 0 08 507 0.065 lOB 032 103 1005T" )D05" 1.1 JOT ■ l.OOS
<0.005 <0.02 <0.1 <0.25 <oUi5 <007 <0 08 <0.07 <0.065 <0.08 <0.02 <0,03 <0005 91005 ■ <071 <0oi ^7005"
062297 JJ7 tRM <0 005 <0.02 14400 5.4331 <0.015 <0.07 <0.08 0.1936 ' <0.065 <0.06 t7645 <0.03 <0.005 <0:005 <0.1 <0.01 <0.005
062297 JJ7 TRM DUP <0.006 <0.02 5.4868 5.4586 <0.015 <0.07 ■ <0.06 0.19035 <0.085 <0.08 1.7545 <0.03 <0.005 <0.005 < 0 1 - ■ <0.01 <0005
062297 JJ7 TRM SPIKE 0016 <0.02 4.253 4.193 <0.015 <0.07 <0.06 1272 <0.085 < 058" 12.24 <003 10820 <07005 <0.1 <oni 10334
diff. on dups NA NA 8.018024 5 .4259*" Na Na NA 1.168224 NA NJT f.981143 NA NA NA “  ' NA NA RA“
spike cone o.o1 25 25 » 10" 3.05 0.02
% spike recovery 130 153.7922 151.7054 121.9935 1091745 ■ 1251 117---------
11/18/87 JJPQÉB8#2A <0.005 <0.02 <0.1 <0.25 <0.015 <007 <0.06 <007 <0.085 ■ <008 <0.02 <0.03 <0005 <0.005 <0.1 <o7or" ' <0.005
11/18/97 JJP0ESB#2A LD ■ <0.005 <0.02 <0,1 <0.25 <0815 <007 <0.06 <0.07 <0.085 ■ <0:08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.068
11/18/87 J JfN5ËbB#2A SP 0.0107 <0.02 {.523 2.469 <0.015 <0.07 <0.08 5.443 <0.085 40.08 5182 <0.03 10488 <0.005 <0.1 <o:or 3.0209
It diff. on dups NA NA " NA NA NA NA NA NA NA NA NA NA NA' NJT ' ' NA NA Na
spike cone 501 2.5 2.5 5 10 105 ■ 102
% spike recovery 107 100.82 36.76 108.ee 51.92" 57.6 104T  -
11/18/97 JJPGGWDA#1 <0.005“ <0.02 1.657“ 1826 <0.015 <0.07 <0.06 9.896 <0.065 <0.08 r i2 6 <0o3 10095 ' <OD05" R0.1 < 0 W 3,0878
11/16/9? JJPGGWD/MH LD <0.005 <0.02 r se a 1.519 ■ <0.015 <0.07 <0.06 5.6778 <0.065 <0.08 4.033 <0.03 10091 <0.005 <0.1 <0701 ' 10857
11/18/9? JJPGGWDAJ(TSP i.0115 <0.02 4.210 5.898 <0.015 <0.07 <0.06 5.975 <0.085 <0.06 5.818 <0.03 10577 “ <0305" <0.1 <0.01 n i 3 7
% diff on dups NA NA 4.103802 5.580586 NA NA NA 2.543876 NA NA 2.301357 NA 4.210526 nA NA ■ NA 1W T8"
spike cone 501 2.5 2.5 5 1Ü l0 5 102
% spike recovery 115 ■ 110.352 99.31 107.1376 51.4558 58:66“ 1787T25-
1 1/18/97TJPGGWDA»9 < oow r <0.02 ■ 1 7M 1.678 <0.015 <0.07 <0.08 2ÏT8 <0085 <0OB 4.141 <0 o3 ■ 10131 <0.005 <ol < o o r 1.866
11/18/97 JJPGSWDAj«LD <0 005 <002 f.774 1.718 <0.015 <0.07 <0.06 2.258 <0.065 <0.08 4.241 3).d3 70133 <0.005 < o .r <07)1- 1.878“
11/18/97 JJPGGWDA#9 5F* 0.0127 <0.02 5345 4.002 <0.015 <0.07 <0.06 733" <0.085 <0.08 5.832 <0.03 10611 <0.wJ5 <0.1 <0.01 1.749
% diff on dups NA NA 5.560538 236379 NA NA NA 1.603427 NA NA 2.414878 NA 1.528718 NA NA" iw  ■■■ ]645087 '
spike cone 3.01 25 25 i  ' ro 105 302------
% spike recovery 127 108.786 96.953" ' 108.318 w.8di M.44 321
VO
Field Blanks
Sample Date and ID Ag3280 AI3082 As1890 B_2497 Ba2335 Be2348 Ca3179 Cd2265 Co2286 Cr2877 Cu3247 Cu3273 Fe2399 Hg1942 K 7664 Ü6707 Mg2852
PQL (ppm) 0.009 0035 0.065 0.005 0.005 0.001 0.01 OÆ05 0.01 0.005 0.005 0.007 0.015 0.05 0.5 0.005 0.005
<0.009 <0.035 <0.065 <0.005 <0.006 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0,005 <0.005
EB « Equipment Blank
TB * Trip or Field Blank
Surface water sampling
6/22/97 JJ25 TRM (EB) NA <0.036 <0.066 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0:05 <0.5 <0.005 <0.005
6/22Æ7 JJ26 TRM (TB) NA <0.035 <0.065 <0.005 <0.005 <0001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
Surface water and sediment sampling
9/10/97 JJ-1 (EB) SW TRM NA <0.035 <0.065 <0.005 0.00445 <0.001 06215 <0.005 <0.01 <0.005 0.0045 0.00465 <0.015 <0.05 <0.5 <0.005 0.18065
9/10/97 (EB) TRM NA <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
9/10/97 (EB) TRM NA <0.035 <6.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
9/10/97 JJ-(TB) PA TRM NA <0.035 <0,065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <005 <0.5 <0.005 <0.005
Groundwater sampling
11/18/97 JJPG(EB)Acid NA <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.006 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
11/18/97 JJPG(EB)Bailer_start NA <0.036 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.006 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
11 /18/97 JJPG(EB)Bailor_end NA <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
11/18/97 JJPG(EB)Pump_star1 NA <0.035 <0.065 <0.005 <0.005 <0.001 0.0186 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.0077
11/18/97 JJPG(EB)Pump_end NA <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
11/18/97 JJPG{EB)Syringe NA <0.035 <0.065 <0.005 <0.005 <0.001 0.0255 <0.005 <0.01 <0005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.0064
11/18/97 JJPG(TB) NA <0.035 <0.065 <0.005 0.0126 <0.001 1.641 <0.005 <0.01 <0.005 <0.005 <0.007 0.03 <0.05 <0.5 <0.005 0.5444
Lab Digest Blanks
Ao3260 AI3082 As1890 B_2497 BS2335 Bs2348 Ca3179 Cd2265 Co22B6 Cf2677 Cu3247 Cu3273 Fa2399 Hg1942 K_7664 LW707 Mg2852
PQL (ppm) 0.009 0.035 0.065 0.005 0.005 0.001 0.01 0.006 0.01 0.005 0.005 0.007 0.015 0.05 0.5 0.005 0005
<0.009 <0.035 <0.065 <0.005 <0.005 <0.001 <0,01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
02/10/98 Digest BLK #1 NA <0035 <0.065 <0.005 <0.005 <0.001 0.1168 <0.006 <0.01 <0.005 <0.005 <0.007 0.0352 <0.05 <0.5 <0.005 0.0235
02/10/98 Digest BLK #2 NA <0.035 <0.065 <0.005 <0.005 <0.001 0.0142 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
12/23/97 Digest BLK NA 0.0945 <0.065 <0005 <0.005 <0.001 0.1212 <0.005 <001 <0.005 <0.005 <0.007 0.0894 <0.05 <0.5 <0 005 0.052
LA
o
Field Blanks
Sample Date and 10 Mn2605 MO2O20 Na5880 Na5895 NI2316 P_1782 Pb2203 s_ieo7 StA068 Sal980 812124 SM899 Sr421S 113234 Til 908 V 3102 Zn2136
PQL (ppm) O.OOS 0.02 0.1 0.25 0.015 0.07 0.06 0.07 0.085 0.08 0.02 0.03 0.005 0.005 0.1 0.01 0.005
<0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
EB * Equipment Blank
TB * Trip or Flew Blank
Surface water sampling
6/22/97 JJ25 TRM (EB) <0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 <0.02 <0.03 <0.006 <0.005 <0.1 <0,01 <0006
6/22/97 JJ26 TRM (TB) <0.005 <0.02 <0.1 <0.25 <0.015 <007 <0.06 <0.07 <0085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
Surface water and sediment sampling
9/10/97 JJ-1 (EB) SW TRM <0.005 ^0.02 0.09206 <0.25 ^0.015 <0.07 <0.06 0.06645 <0.065 <0.08 0.21375 <0.03 <0.005 <0.005 <0.1 <0.01 0.024
9/10/97 (EB) TRM <0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 0.01285 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
9/10/97 (EB) TRM <0.005 <0.02 <0.1 <025 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 0.06275 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
9/10/97 JJ-(TB) PA TRM <0 005 <0,02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 0.0151 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
Groundwater sampling
11/18/97 JJPG(EB)AcW <0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <a08 <0.02 <0.03 •<0.005 <0.006 <0.1 <0.01 <0.005
11/18/97 JJPG(EB)Bailer_6tart <0.005 <0.02 <0.1 <0.25 <0.015 <0,07 <0.06 <0.07 <0.085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
11 /18/97 JJPG(EB)BaUer_end <0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <006 <0.07 <0.065 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
11/18/97 JJPG(EB)Pump_»tart <0.005 <0.02 <0.1 <0.25 ^ <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 < 0.02 <0.03 <0.006 <0.005 <0.1 <0.01 0.0167
11/18/97 JJPG(EB)Pump_end <0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <006 <0.07 <0.085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
11/18/97 JJPG(EB)Syrinoe <0.005 <0.02 0.203 <0.25 <0.016 <0.07 <0.06 <0.07 <0.085 <0,08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
11/18/97 JJPG(TB) <0.005 <0.02 1.625 1.536 <0.015 <0.07 <0,06 1.247 <0.086 <0.08 5.704 <0.03 0.0144 <0.005 <0.1 <0.01 <0.006
Lab Digest Blanks
Mn2605 Mo2020 Na5889 NI2316 P_1782 Pb2203 SJ807 Sb2068 Se196D SI2124 Sn1899 Sr4215 TI3234 711908 V_3102 Zn2l38
PQL (ppm) 0.005 0.02 0.1 0.015 0.07 0.06 007 0.085 0.08 0.02 0.03 0.005 0.005 0.1 0.01 0.005
<0.006 <0.02 <0.1 <0.015 <0.07 <0.06 <0.07 <0.065 <0.08 <0.02 <0.03 <0.006 <0.006 <0.1 <0.01 <0.005
02/10/98 Digest BLK PI <0.005 <0.02 <0.1 <0015 <0.07 <0.06 <0.07 <0.085 <0.08 0.0246 <0.03 <0.005 <0.005 <0.1 <0.01 0.0106
02/10/98 Digest BLK P2 <0.005 <0.02 <0.1 <0.015 <0.07 <006 <0.07 <0.085 <0.08 0.0267 <0.03 <0.005 <0.005 <0.1 <0.01 0.0083
12/23/97 Digest BLK <0.005 <0.02 <0.1 <0.015 <0.07 <0.06 <0.07 <0.085 |<0.08 0.0553 <0.03 <0.005 <0.005 <0.1 <0.01 0.0082
LA
Field Oupiieatae
Sample Date and ID AQ3280 AI3082 AS1890 0_2497 Ba2335 Be2348 Ca3179 Cd2265 co22ee Cr2877 Cu3247 CU3273 Fe2389 Hs1942 K_7664 LI6707 M02652
PQL (ppm) 0.009 0035 3.085 0.005 0.006 0.001 0.01 0.005 0.01 0.005 0.005 0.007 0.015 0.05 0.5 0.005 0.005
<0.009 <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
Surface weteraamples
6/22/97 JJ4 TRM NA <0.035 <0.065 <0.005 0.00515 <0.001 0.273 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.06578
6/22/87 JJ4(D) TRM NA <0.035 <0.065 <0.005 0.00508 <0.001 0.27375 <0.005 <0.01 <0005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.06305
Standard Deviation 5.3E-05 0.00053 0.00193
6/22/87 JJ8TRM NA <0.035 <0.065 <0.005 <0.005 <0001 0.456 <0.005 <0,01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.14073
602/87 JJ10(D) TRM NA <0.035 <0.065 <0.005 <0.005 <0.001 0.45425 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <05 <0.005 0.1438
Standard Deviation 0.00124 0.00217
8/10/97 JJ2 TRM NA <0.035 <0.065 <0.005 0.032 <0.001 2.6546 <0.005 <0.01 <0.005 <0.005 <0.007 0 02425 <0.05 <0.5 <0.005 0.7025
9/10/87 JJ2(0) TRM NA <0.035 <0.065 <0.005 0.03255 <0.001 2.644 <0.005 <0.01 <0.005 <0.005 <0.007 0.02175 <0.05 <0.5 <00% 0.713
Standard Deviation 0.00038 0.00742 0.00742
9/10/97 JJ11 TRM NA <0.035 <0.065 <0.005 0.00918 <0.001 0.74575 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.1673
8/10/97 JJ11(D) TRM NA <0.035 <0.065 <0.005 0.03495 <0.001 2.764 <0.005 <0.01 <0.005 <0.005 <0.007 0.02785 <0.05 <05 <0.005 0.7305
Standard Deviation 0.01823 1.42712 0.3841
Stream aed/ment samples
8/10/87 JJ3 SED NA 10016 14.7268 0.88053 276 666 0.78247 2192.31 3.29197 8.64518 7.63458 41.8752 41.7851 18381 <0.05 1044.63 8.78527 2241.34
9/10/87 JJ3(0) SED NA 9400.84 12.8077 0.64038 250.75 0.75946 1956.17 2.66172 7,78467 7.30436 38.4338 39.0634 17110.3 <0.05 1153.68 8.48508 2297.36
Standard Deviation 435,132 1.35846 0.17686 18.3251 0.01627 165.562 0.30424 0.60848 0.23348 1.79713 1.92448 905.64 77.1209 0.20518 39.6217
9/10/87 JJ8 SED NA 11623 73.6656 4.34738 99.0006 1.71097 2032.76 10.2439 24.4653 6.16508 314.611 311.813 52706.4 <005 966.42 12.0128 2330.6
8/10/87 JJ6{D) SED NA 12082.7 75.055 3.71777 101.738 1.74395 2104.74 10.5537 25.3946 8.37497 327.903 323.306 54267.4 <0.05 1048.37 13.1721 2421.55
Standard Deviation 325.074 0.88228 0.44521 1.93631 0.02332 50.8812 0.21907 0.65721 0.13427 8.39688 6.12685 1102.42 57.946 0.81875 64.3061
9/10/97 JJ11 SED NA 10046 834666 <0.005 265.484 0.39264 1863.26 0.78969 4.67613 7.77689 29.1164 26.6386 13484.6 <0.05 1183.53 6.4662 2320.07
9/10/97 JJ11(D) SED NA 9168.66 8.34332 <0.005 282.474 0.54157 1848.44 0.8693 4.60631 6.80456 26.3089 25.4796 13008.6 <0.05 1058.15 8.3733 2120.3
Standard Deviation 619.663 0.00236 12.0067 0.10516 60.9419 0.07044 0.05076 0.66755 1.96658 223371 335.88 886526 0.79401 141.258
Groundwater aamph
11/1807 JJPGGWDA#8 NA <0.035 <0.065 <0.005 0.0212 <0.001 2.073 0.0062 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0 ^ 7 6
11/18/97 JJPGGWDA#8(0) NA <0.035 <0.065 <0.005 0.0212 <0.001 2.072 00082 <0.01 <0 005 <0005 <0 007 <0.015 <0.05 <0.5 <0.005 0442
Standard Deviation 0 0.00071 0 0 00311
.
Tailings samplas
JJ TR5 PG TAILS NA 3760 33.672 8.1544 24.503 2.0316 17413 481.6 36.854 3.1823 601.63 <0,007 41707 11.645 467.98 2.4761 1906.3
JJ TR5 PG TAILS(DUP) NA 3375 29.685 6.0644 23.54 2.5914 15872 464.63 30.515 2.4885 569.19 <0.007 38076 11.408 444.33 2.437 1763.6
Standard Deviation 272.236 2.67761 0.64146 0.68094 0.38584 1069.65 19.2121 4.46235 0.47574 6.78641 2568.09 0.16756 16.7231 0.02765 66.1762
JJ TR8 PG TAILS NA 4310.3 21.493 <0.005 22 034 1.7838 716.62 04.478 37.722 4.2584 1105.9 1057.4 52318 7.4681 309.95 2.5635 1275.4
JJ TR6 PG TAILS(DUP) NA 5302.4 26.603 12.225 40 895 1.7002 813.49 89.752 52.807 4.548 82043 <0.007 55337 7.3606 626.97 2.8553 1474.3
Standard Deviation 701.521 15.16895 13.4075 0.05918 68.4974 3.34249 10.6667 020549 131.147 213495 0.07587 224.167 0.20633 140.644 LAN)
FMd OupüMtM
Sample Date and 0 Mn2605 M02020 Na5889 Na569S NI2318 P.1782 Pb2203 s _ ie o 7 $82068 Se1960 SI2124 Srv1888 5r42l5 TI3234 Til 808 V_3102 Zn2138
PQL (ppm) 9.005 0JO2 0.1 0.25 0.015 0.07 0.08 0.07 0.085 008 0.02 003 0.005 0.005 0.1 0.01 0.005
<0.005 <0.02 <0.1 <0.25 <0.016 <0.07 <0.08 <0.07 <0.085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0005
St/rfece W9tBr9amples
8/22/97 JJ4 TRM <0.005 <0.02 0.23588 <0.25 <0.015 <0.07 <0.06 0.10523 <0.085 <0.08 0.9685 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
8/22/97 JJ4(D) TRM <0.005 <0.02 0.23643 <0.25 <0.015 <0.07 <0.06 0.10123 <0.085 <0.08 0.8215 <0.03 <0.005 <0JX)5 <0.1 <0.01 <0.005
Standard Deviation 0.00(02 0.00283 0.03323
6/22/87 JJ9 TRM <0.005 <0.02 0.3485 0.34826 <0.015 <0.07 <0.06 023905 <0.085 <0.08 1,17325 <0.03 <0.005 <0.005 <0.1 <0.01 0.01143
8/22/97 JJ10(D) TRM <0.005 <0.02 0.35825 0.3535 <0.015 <0.07 <0.08 0.24053 <0.085 <0.08 1.32175 <0.03 <0.005 <0.005 <0.1 <0.01 0.0118
Standard Deviation 0.00689 0.00371 0.00104 0.10501 0.00012
9/10/87 JJ2 TRM <0.005 <0.02 1.626 1.780 <0.015 <0.07 <0.06 0.8456 <0.085 <0.08 5.33 <0.83 0.01875 <0.009 <0.1 <001 0.05
9/10/87 JJ2(0> TRM <0.005 <0.02 1.826 1.7645 <0.015 <0.07 <0.06 10.8485 <0.085 <0.08 5.415 <0.03 0.01885 <0.005 <0.1 <0.01 0.05025
Standard Deviation 0 0.00368 0.00212 0.0601 000014 0.00018
9/10/07 JJ11 TRM <0.005 <0.02 0.437 0.427 <0.015 <0.07 <0 06 0J0103 <0.085 <0.08 1.38475 <0.03 0.00528 <0.005 <0.1 <0.01 0.0072
9/10/97 JJ11(D)TRM <0.005 <0.02 18185 1.773 <0.015 <0.07 <0.06 0.778 <0.085 <0.08 5.295 <003 0.0204 <0.005 <0.1 <0.01 0.0283
Standard Deviation 0.97687 0.93177 0.40798 2.78498 0.01088 0.01492
Stnam  aad/mant tamp/vs
8/10/97 JJ3 SED 878.005 <0.02 48.6692 45.8575 10.4182 658.163 518.311 397238 <0.086 <0.08 845807 <0.03 21.5729 387.833 <0.1 14.4987 560.338
8/10/97 JJ3(D) SED 804.082 <0.02 52.5615 48.7392 9.47568 590.354 416.35 339.904 <0.085 <0.08 784.871 <0.03 18.2615 366.821 <0.1 14.0284 470.182
Standard Déviation 50.8715 2.74522 2.03769 0.86508 48.5555 72.0974 40.5415 43.0886 1.8344 133723 0.33254 63.7485
9/10/87 JJ8 SED 1147.31 <0.02 61.8629 57.8854 25.1149 1104.34 9926.04 1025 38 24,1855 10.1036 2783.33 <0.03 20.1479 304.817 <0.1 19.2884 2191.88
9/10/97 JJ8(D) SED 1188.29 <0.02 88.1491 83.382 282343 1067.36 10343.8 1030.38 286728 105537 2643.26 <003 20.7875 316.21 <0.1 20.1479 2254.65
Standard Deviation 29 8807 4.42383 4.01398 0.76148 26.1473 293.98 3.53341 3.17301 031601 42.401 0.45228 8.05818 0.82188 44.521
9/10/97 JJ11 SED 482.215 <0.02 62.1452 58 8168 7.38704 550.48 38.5954 270.492 <0.085 <0.08 518.283 <0.03 18.7225 339.484 <0.1 13.6945 85.5458
8/10/97 JJ11(0)SED 529.576 <0.02 55.1859 492306 7.05438 497.202 34.3525 260.875 <0.085 <0.08 609.013 <0.03 19.1047 321.443 <0.1 12.6799 83.693
Standard Deviation 47.6314 4.83511 8.83668 0.24232 37.6731 1.58594 7.4128 64.1486 0.27025 12.7431 0.71748 1.31011
Gmundwatar sample
11/18/97 J JPGGWOA»9 <0.005 <0.02 1.784 1.678 <0,015 <0.07 <0.08 2.218 <0.085 <0.08 4,141 <0.03 0.0131 <0.005 <0.1 <0.01 1.885
11/18/97 JJPGGWDA#9(0) <0.005 <0.02 1.774 1.718 <0.015 <0.07 <0.06 2.258 <0.085 <0.06 4.241 <0.03 0.0133 <0.005 <0.1 <0.01 1.878
Standard Deviation 0.00707 0.02628 0.02828 007071 0.00014 0.00849
Tellings samples
JJ TR5 PO TAILS 1603.9 4.7434 48.122 32 448 134 75 16687 20018 37.44 <0.08 2281 3 <0.03 33.751 18.578 <0.1 1.0243 99841
JJTRS PQTAILS(OUP) 1749 3.8888 38.54 29.979 138.03 15084 15021 35.641 <0.08 2238.5 <0.03 33.015 17.406 <0.1 <0.01 96871
Standard Deviation 38.8202 0.60585 5.38128 1.74585 2.31931 1119.35 3633.41 1.27208 16.122 0.52043 0.82731 2100.11
JJ TR8 PG TAILS 1065.3 <0.02 24.841 27.224 17404 48622 29555 29.216 <0.06 3029.6 <0.03 8.5337 38524 <0.1 4.2584 54872
JJ TR8 PG TAILSIDUP) 1137.8 <0.02 58.279 32.451 178.27 55727 31658 <0.085 <0.08 2833.6 <0.03 8.7831 39.453 11871 2.3233 49821
Standard Deviation 30 052 23.6442 3.69605 2.99106 5023.99 1487.05 138.583 0.53075 2.21254 1.38832 3571.8
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APPENDIX 3: WELL LOG SHEETS AND CONSTRUCTION DATA
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USFS • IDAHO PANHANDLE NATIONAL FOREST 
WELL LOG AND COMPLETION RECORD
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USFS - IDAHO PANHANDLE NATIONAL FOREST 
WELL LOG AND COMPLETION RECORD WELL NUMBER:
PROJECT:
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USFS - IDAHO PANHANDLE NATIONAL FOREST 
WELL LOG AND COMPLETION RECORD
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-/iTfHL. Dn 1/ 
- % v / '  J
IcvM-Zi
Io ' ^ U L û-L
QiH-frhejoij IfL
| 0 * ^  L u  i r  -
58
USFS - IDAHO PANHANDLE NATIONAL FOREST 
WELL LOG AND COMPLETION RECORD WELL NUMBER:
_______________
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USFS - IDAHO PANHANDLE NATIONAL FOREST 
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USFS. IDAHO PANHANDLE NATIONAL FOREST 
WELL LOG AND COMPLETION RECORD WELL NUMBER:
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APPENDIX 4: Total Recoverable and Sediment digestion method
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TOTAL RECOVERABLE METHOD
For determination of total recoverable elements in surface water samples a 100 ml (+or- 
l ml) aliquot from a well mixed, acid preserved sample was transferred to a 250-ml 
Griffin beaker. 2ml of (1+1) nitric acid and 1 0ml of ( 1+1) hydrochloric acid was added 
to the beaker. The sample was heated on a hot plate at 85 degrees C until the volume 
had been reduced to approximately 20ml, ensuring that the sample did not boil. The 
beaker was covered with a watch glass and reflux for 30 min. Slight boiling was allowed 
to occur but vigorous boiling was avoided. The sample was allowed to cool and was 
transferred into a 50ml stoppered graduated cylinder. Sample volume was diluted to 
50ml with milli-Q water and mixed. Sample was then centrifuged for separation and 
analysis.
SEDIMENT DIGESTION METHOD
Preparation of sediment samples for ICAPES analysis used the following aqua regia 
(partial) digestion method.
1. Half a gram of each finely ground sediment sample recorded to ten thousandths of a 
gram was weighed into a 120 ml Teflon digestion vessel (Savillex Corp. #578) on a 
analytical balance.
2. To each vessel, 0.5ml of Milli-q water was added to evenly wet the sediments. The 
caps were placed on top of the vessels, but not tightened, and the sediment and water was 
allowed to stand for 30 minutes.
3. To each vessel, 3.75 ml of trace metal grade hydrochloric acid and 1.25ml of trace 
metal grade nitric acid was added. Each vessel was tapped lightly and swirled until no
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clumps of sediment remained. Caps were replaced on the vessels and the acidified 
sediment was allowed to stand for one hour.
4. Digestion was performed in batches of seven so after the waiting period, the caps 
were tightened in the first seven vessels using plastic wrenches designed by the 
manufacturer. The pressure release tops were tightened carefully so as not to allow too 
much or too little gas to escape. In general a one-quarter turn past initial closing of the 
top provided the appropriately secure fit.
5. In order to determine if venting (excess release of gas through the pressure release 
tops) occurred during digestion, an indicator solution was prepared. The solution 
contained 5 drops of 0.5 M NaOH and several drops of phenolphthalein in 250 ml of 
water. Some of the solution was placed in each of seven small glass vials arranged in a 
glass beaker which was half full of water. Plastic tubes were fit into openings in the 
vessel caps and also into vials of the indicator solution. The entire apparatus was placed 
in a plastic cake container to impede the release of gasses. Severe venting could cause 
all vials to turn pink to clear whereas lightening of an individual vial of solution 
indicated slight venting of that particular sample.
6. The sealed cake container and its contents were loaded on a turntable in a 570 watt 
microwave oven. Four plastic bottles full of cold water were placed in the comers of the 
microwave. The microwave was set on high for 6 minutes.
7. After cooking, the sealed cake container was opened under a fume hood, the vials 
were immediately inspected for evidence of venting, and any such information was 
recorded. The plastic tubing was withdrawn, new indicator solution replaced the old in 
the vials, and another batch was placed in the microwave following steps 5 and 6 again.
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8. After cooling for 2 hours at room temperature, pressure release tops were untightened 
with the opening for the plastic tubing pointing away from the body and into the fume 
hood. Digests were then transferred to labeled and preweighed, acid washed and 
deionized-water rinsed 50ml centrifuge tubes. A minimum of 3 rinses with Milli-q water 
was used to ensure that the entire contents were removed but the tubes not overfilled
9. Each centrifuge tube was placed on an analytical balance and Milli-q water added to 
reach a goal weight of 50 grams. Exact weight was recorded to the hundredths of a 
gram.
10. Centrifuge tubes were firmly capped and centrifuged at 2500 RPM for 6 minutes. 
Clarified digests were transferred and stored in prelabled acid washed and deionized 
water rinsed 60ml low density polyethylene narrow mouth bottles until analysis was 
completed. Remaining undigested sediment was discarded.
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APPENDIX 5: ICAPES surface water sample data
Paragon Surfacewaler samples
Sample Name Label pH Cond. u£ Temp. C DISTANCE » Ag328C AI3082 As 1890 B_2497 Ba2335 Be234( Ca3l79 Cd2265 Co22ee Cr2677 CÜ3247 ÎÜ327: Fe2399 Hg1942 K 766' LI6707 Mg2852
PQL (ppm) }01 004 0.07 5.01 0.01 0.00 0.01 9oi 9.01 51)1 9.9l 0.01 0.02 9.05 0.60 3.01 0.01
<0.009 <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.905 <0.005 <0.09T <9.615 <0.05 <9.6 <0.005 <0.005
Ô6/22/97 JJ1 SW TRM J ji 7 Ù 6 -1857 NA <0.035 <0.065 <0.005 0.00 <0.001 0.29 <0.005 <0.01 <9.005 <9.005 <0.007 <0 015 <0.05 ^ 5 <0.005 3.07
06/22/97 JJ2 SW TRM JJ2 7,42 0 6 ■" -1148 NA ^ 0 3 5 <0.065 <0.005 0.00 <0.001 0.28 <0.005 <9.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.07
06/22/97 JJ3 SW TRM JJ3 7.21 0 5 -606 NA <0.035 <0.065 <9.005 0.01 <0.001 0.29 <0.005 <0.01 <0.005 <0.005 <0.007 001 <0.05 <0.5 <9.996 9.96
06/22/97 JJ4/5 SW TRh JJ4/5 7.4 0 -998 NA"' <9.035 <0.065 <0.005 0.01 <0.001 0.27 <0.005 <0.01 <0.095 <0.005 <0.007 9.9i <0.05 <9.5 <9.995 0.07
06/22/97 JJ6 SW TRM JJ6 7.2 p 6 -135 NA <9.035 <0.065 <0.005 0.01 <o.o9T 0.27 <0.005 <0.01 <9.995 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.06
06/22/97 JJ7 SW TRM JJ7 7.46 0 6 203 NA <9.035 <0.065 <0.005 0.01 <0.001 0.26 <0.005 <0.01 <9.005 <0.005 <9.997 0.01 <0.05 <0.5 <0.005 0.06
06/22/97 JJ11 SWTRW JJ11 7.4 0 6 1452 NA <0.035 <0.065 <0.005 9.01 <0.001 0.29 <9.996 <0.01 <0.005 <9.905 <9.997 <0.015 <9.96 <9.6 ^ .0 0 5 0.06
06/22/97 JJ 12 SW TRM J ji2 7,32 0 6 1507 NA' <0.035 /Ï6.065 <91)05 Ô.01 <0.001 0.17 <0.005 <0.01 <9.905 <0.005 <0.997 <0.015 <0.05 <9.6 <0.005 0.0'4
06/22/97 J ja  SW TRM Paragon Creek Sample 7.2 1Ù 7 NA <0.035 <0.065 <0.005 <0.005 <0.001 0.51 <0.005 <0.01 <0.005 <0.005 <9.007 <0.015 <0.05 <0.5 ^ .9 0 5 0.16
06/22/07 JJ9/10 SW TR Upstream Paragon Background 7.4 10 7 0 NA <9.995 <0.965 <0.005 <0.005 <0.001 0.46 <0.005 <0.01 <0.905 <0.005 <0.097 <0.015 <0.95 <0.5 <3.996 0.14
9/10/97 JJ-1 SW TRM JJI 7.35 10 10 -1657 NA <0.035 <0.065 <0.005 5.01 <0.001 0.54 <0.005 <0.01 <0.005 <0.005 <0.007 001 <0.05 <0 5 <0.005 0.13
9/10/97 JJ-2 SW TRM JJ2 7.47 1Ô 10 -1148 NA 0.02 <0.065 <0.005 9709 " <0.001 2.64 ' " <0.005 <0.01 <0.005 0.00 0.01 0.02 <0.05 i)T4 <0.005 0.71
9/i0/97 JJ-3 SW TRM Jj 2 7.45 10 ïb  ^-608 NA 0.07 <0.066 <O.O05 0.03 <0.001 1.99 <0.005 <0.01 <0.005 <0.005 ^.957 9:97 <0.05 3.33 <0.005 0.53
9/10/97 JJ-4/6SWTRM JJ4/5 7.24 10 10 -396 NA 0.03 <0.065 <0395 0.03 <9.ooi 2.63 <0.005 <0.01 <0.005 0.00 &.Ô1 0.03 <0.05 3.32 <0.005 9.T0
9/10/97 JJ-6 SW TRM JJ6 7.33 10 10 -135 NA 0.03 <0.065 <0.005 0.03 <0.001 264 <0.005 <0.01 <0.905 0.90 0.01 0.02 <0.05 Ù.32 <0.005 9:71
9/10/97 JJ-7 SW TRM JJ7 7.4 10 10 203 NA 0.93 <0.065 <9.005 0.03 <0.001 246 <0.005 <0.01 <0.005 0.00 0.00 0.03 <0.05 0.33 <0.005 0.65
9/10/97 JJ-11 SW TRM JJ11 74 10 10 1452 NA <0.035 <0.066 <0.005 0.01 <0.001 0.75 <0.005 <0.01 <9.095 <9.005 <0.007 0.01 <0.05 <0.5 <0.996 0.19
9/10/97 JJ-12 SW TRM JJ12 7.43 0 9 1507 NA <01)55 <0.065 <0.995 9.Ù1 <0.001 024 <0.005 <0.01 <0.005 <0.005 <0.007 <0.915 <0.05 <0.5 <0 005 9:95
9/10/97 JJ-e SW TRM Paragon Creek Sample 6.55 20 10 0 NA <0.035 <0.065 <0.005 0.02 <0.001 3.74 <9.905 <0.01 <0.005 <0.005 <0.997 0.01 <0.05 )39 <0.005 1 14
9/10/97 Jj-9/IOSW TR Upstream Paragon Background 7.26 20 11 0 NA <0.035 <0.005 <9D05 0.Ô1 <9.001 9.25 <0.005 <9.9i <0.995^ ^ .995 <0.007 3.01 <0.05 J.37 <9.995 1.01
Surface Run-Off Sampe > Ag320C Ai3082 'Asieôfi B_2487 Ba2335 Be234« Ca3179 Cd2265 Co228( Cr26?7 CU3247 Cu327I Fe2399 Hg194i K17664 LI6707 Mg2852
POL (ppm) 0.01 004 007 5.01 001 000 0.01 OOl 3.01 3.01 O.O1 9.01 0.02 0.05 0.50 Ü.01 0 01
pH Cond. u£ <0.009 <0.035 <0.065 <0.005 <0.005 <0,001 <0.01 <9.095 <0.01 <0,005 <0.005 <0.007 <0.015 <0.95 <0.5 <0.005 <0.005
11/18/97 JJPGROA#1 1 5.9 10 NA' 5.11 <0.065 <0.005 0.01 <0.001 4.20 0.01 <0.01 <0.005 0.01 0.9'i 0.29 <0.05 <9.5 <0.005 0.31
11/10/97 JjPGR0A#2 2 ' 6.7 10 NA 0.21 <0.965 <0.005 0.01 <0.001 543 502 <0.01 f<0.095 99l 9oi 0.73 <0.05 <0.5 <0.005 537
11/18/97 JJPGR0A#3 3 6.6 20 NA 0.11 <0.065 <0.005 0.03 <0.001 2.75 9.02 <9.01 <0.005 0.01 O.01 0.38 <0.05 1.35 <0 005 0.43
11/10/97 JjPOnOA#4 4 ]7 20 Na ' <oo5s <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.607 <0.015 • ^ 0 5 <0.5 <0 005 <0.005
Paragon Surfacewater s amples
Sample Name LABEL Cond. u£ Temp. C DISTANCE n Mr\260! MO202C Na5689 Na589S NI2316 PJ7£ Pb2202 S_1807 Sb606£ Sel96( SI2124 Sn1899 Sf4215 TÏ3234 t i l  90 V 310: Zn2138
PQL (ppm) 0.01 0.02 0.10 3.25 0.02 i.07 0.06 0.07 0.09 0.08 0.02 0.03 0.01 0.01 0.10 0.01 0.01
<0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
06/22/97 JJI SW TRM JJI 7 0 6 -1857 <0.005 <0.02 0.23 0.23 <0.015 <0.07 <0.06 0.11 <0.085 <0.08 0.92 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ2 SW TRM JJ2 7.42 0 6 -1148 <0.005 <0.02 3.24 0.24 <0.015 <0.07 <0.06 0.11 <0.085 <0.08 0.95 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ3 SW TRM JJ3 7.21 0 5 -608 <0.005 <0.02 0.24 0.24 <0.015 <0.07 <0.06 0.11 <0.085 <0.08 0.92 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ4/5 SW TRk JJ4/5 7.4 0 5 r338 <0.005 <0.02 0.24 0.24 <0.015 <0.07 <0.06 0.11 <0.085 <0.08 0.97 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ6 SW TRM JJ6 7.2 0 S -135 <0.005 <0.02 0.23 022 <0.015 <0.07 <0.06 0.10 <0.085 <0.06 0.91 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ7 SW TRM JJ7 7.46 0 3 203 <0.005 <0.02 0.22 0.22 <0.015 <0.07 <0.06 0.10 <0.085 <0.08 0.89 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ11 SW TRM JJ11 7.4 0 3 1452 <0.005 <0.02 0.21 0,21 <0.015 <0.07 <0.06 0.10 <0.065 <0.08 0.85 <0.03 <0.005 <0.005 <0.1 <0.01 000
06/22/97 JJ12SW  TRM JJ12 7.32 D È 1587 <0.005 <0.02 0.29 0.28 <0.015 <0.07 <0.0fe 0.09 <0.085 <008 1.12 <0.03 <0.005 <0.005 <0.1 <0.01 0.00
06/22/97 JJ8 SW TRM Paragon Creek S an ^ e 7.3 10 7 0 <0.005 <0.02 0.37 036 <0.015 <0.07 <0.06 0.27 <0.085 <0.08 1.32 <0.03 0.00 <0.005 <0.1 <0.01 0.02
06/22/97 JJ9/10 SW TR Upstream Paragon Background 7.4 10 7 0 <0.005 <0.02 0.35 0.35 <0.015 <0.07 <0.06 0.24 <0 085 <0.08 1.17 <0.03 0.00 <0.005 <0.1 <0.01 0.01
9/10/97 JJ-1 SW TRM JJI 7.35 10 ^ 10 ■1857 <0.005 <002 0.42 0.41 <0.015 <0.07 <0.06 021 <0 085 <0.08 1.39 <0 03 0.00 <0 005 <0.1 <001 0 02
9/10/97 JJ-2 SW TRM JJ2 7.47 10 10 -1148 <0.005 <0.02 1.83 1.79 <0 015 <007 <0.06 0.85 <0.085 <0 08 5.42 <003 002 <0005 <0.1 <0.01 6.05
9/10/97 JJ-3 SW TRM JJ3 7.45 10 10 •608 0.00 <0.62 1.74 1.72 <0.015 <6.07 <0.06 0.75 <0 085 <0.08 5.29 <0 03 0.02 <0 005 <0.1 <001 0.03
9/10/97 JJ-4/5SWTRM JJ4/5 7.24 10 10 -338 <0.005 <0.02 1.85 1.80 <0.015 <0.07 <0.06 0.84 <6.085 <668 5.34 <0.03 3.02 <0.005 <6.1 <0.01 0.05
9/10/97 JJ-6 SW TRM JJ6 7.33 10 10 ■135 <0.005 <0.02 1.84 1.78 <0.015 <0.07 <0.06 0.63 <0.065 <0.08 5-32 i^O.03 6.02 <0.005 <0.1 <001 0,04
9/10/97 JJ-7 SW TRM JJ7 74 10 10 203 <67005 <0.02 1.78 1.76 <0.015 <0.07 <0.06 0.71 <0.085 <0.08 6.39 <0.03 3.02 <0.005 <0.1 <0.01 0 03
9/10/97 JJ-11 SW TRM JJ11 7.4 10 10 1452 <0.005 <0.02 0.44 0.43 <0.015 <0.07 <0.06 0.20 <0 085 <0.08 1 38 <0.03 0.01 <0.005 <0.1 <6.01 0.01
9/10/97 JJ-12 SW TRM JJ12 7.4i 0 9 1587 <0 005 <0.02 0.40 0.40 <0,015 <0.07 <0.06 0.09 <0.085 <0.08 1.38 <0.03 <0.005 <0.005 <0.1 <0.01 6.00
9/10/97 JJ-8 SW TBM Paragon Creek Sample 6 55 20 10 0 <0.005 <0 02 223 2 15 <0.015 <007 <0.06 2.22 <0.085 <0.08 6 10 <0 03 0 03 <0.005 <0.1 <0 01 0.16
9/10/97 JJ-9/10SW TR Upstream Paragon Background 7.36 20 11 0 <0.005 <0.02 2.17 2.13 <0.015 <0.07 <0.06 2.11 <0.085 <0,08 5.87 <0.03 0.02 <0.005 <0.1 <0.01 0.10
o\
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APPENDIX 6: ICAPES groundwater sample data and water table level data
Paragon Groundwater Samples
Sample Name Well ID pH Cond. uS Ag3280 AI3082 As1890 8_2497 Ba233£ Be2348 Ca317S Cd226£ Co228£ Cr2677 Cu3247 Cu3273 Fe2399 Hg194: IC7664 LI6707 Mg2652
Detection Limit (ppm) 0.01 0.04 0.07 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.05 0.50 0.01 0.01
<0.009 <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
11/18/97 JJPGGWDA#1 FSM-1 6.65 10 NA <0.035 <0.065 <0.005 0.01 <0.001 0.90 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.28
11/18/97 JJPGGWDA#2 FSM-2 ^.8 20 NA <0.035 <0.065 0.01 0.02 <0.001 1.60 <0.005 <0.01 <0.005 <0.005 <0.007 0.04 <0.05 <0.5 <0.005 0.49
11/18/97 JJPGGWDA#11 FSM-6 6.9 30 NA <0.035 <0.065 <0.005 0.04 <0.001 3.55 0.01 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.83
11/18/97 JJPGGWDA#8b FSM-5b 6.7 40 NA <0.035 <0.065 <0.005 002 <0.001 2.08 0.01 <0.01 <0.005 <0.005 <0.007 0.07 <0.05 <0.5 <0.005 0.44
11/18/97 JJPGGWDA#9m FSM-5m 6.7 20 NA <0.035 <0.065 <0.005 0.02 <0.001 2.07 0.01 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.44
11/18/97 JJPGGWDA#10t FSM-51 6.6 30 NA <0.035 <0.065 <0.005 0.03 <0.001 3.01 0.01 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.58
11/18/97 JJPGGWDA#3 FSM-3 6.2 40 NA <0.035 <0.065 <0.005 0.01 <0.001 2.77 <0.005 <0 01 <0.005 <0.005 <0.007 0.02 <0.05 <0.5 <0.005 0.61
11/18/97 JJPGGWDA#5b FSM-4b 6.25 40 NA <0.035 <0.065 <0.005 0.03 <0.001 4.63 0.01 <0.01 <0.005 <0.005 <0.007 0.02 <0.05 <0.5 <0.005 0.66
11 /18/97 JJPGGWDA#6m FSM-4m 6.25 40 NA <0.035 <0.065 <0.005 0.02 <0.001 4.81 0.01 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 0.50 <0.005 0.66
11/18/97 JJPGGWDA#7t FSM-4t 6.2 40 NA <0.035 <0.065 <0.005 0.02 <0.001 4.46 0.01 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 0.65
VO
Paragon Groundwater Sam pies
Sample Name Well ID pH Cond. uS Mn2605 Mo2020 rNa588S Na589£ NI2316 P_1782 Pb2203 S_1807 Sb2068 Se1960 SI2124 S ol899 Sr42l5 TI3234 Til 908 V_3102 Zn2138
Detection Limit (ppm) 0.01 0.02 0.10 0.25 0.02 0.07 0.06 0.07 0.09 0.08 0.02 0.03 0.01 6.01 0.10 0.01 0.01
<0.005 <0.02 <0.1 <0.25 <0.015 <0.07 <0.06 <0.07 <0.085 <0.08 <0.02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
11/18/97 JJPGGWDA#1 FSM-1 8.65 10.00 <0.005 <0.02 1.66 1.63 <0.015 <0.07 <0,06 0.70 <0.085 <0.08 4.13 <0.03 0.01 <0.005 <0.1 <0.01 0.09
11/18/97 JJPGGWDA#2 FSM-2 5.80 20.00 0.14 <0.02 2.10 2.05 <0.015 <0.07 <0.06 1.10 <0.085 <0.08 6.59 <0.03 0.01 <0.005 <0.1 <0.01 0.02
11/18/97 JJPGGWDA#11 FSM-6 6.90 30.00 0.05 <0.02 1.84 1.74 <0.015 <0.07 <0.06 4.27 <0.085 <0.08 4.15 <0.03 0.02 <0.005 <0.1 <0.01 2.79
11/18/97 JJPGGWDA#8b FSM-5b 6.70 40.00 0.08 <0,02 1.87 1.74 <0.015 <0.07 <0.06 2.24 <0.085 <0.08 4.19 <0.03 6.01 <0.005 <0.1 <0.01 1.77
11/18/97 JJPGGWDA#9m FSM-5m 6.70 20.00 <0.005 <0.02 1.78 1.68 <0.015 <0.07 <0.06 2.22 <0.085 <0.08 4.14 <0.03 0.01 <0.005 <0.1 <0.01 1.87
11/18/97 JJPGGWDA#10t FSM-St 6.60 30.00 0.01 <0.02 1.76 1.66 <0.015 <0.07 <0.06 3.55 <0.085 <0.08 4.27 <0.03 0.02 <0.005 <0.1 <0.01 2.38
11/18/97 JJPGGWDA#3 FSM-3 6.20 40.00 <0.005 <0.02 2.35 2.17 <0.015 <0.07 <0.06 2.07 <0.085 <0.08 6.91 <0.03 0.02 <0.005 <0.1 <0.01 0.63
11/18/97 JJPGGWDA#5b FSM-4b 6.25 40.00 0.01 <0.02 1.82 1.79 <0.015 <0.07 <0.06 5.02 <0.085 <0.08 5.21 <0.03 0.02 <0.005 <0.1 <0.01 2.74
11/18/97 JJPGGWDA#6m FSM-4m 6.25 40.00 <0.005 <0.02 1.87 1.78 <0.015 <0.07 <0.06 4.94 <0.085 <0.08 5.09 ^0.03 0.02 ^0.005 <0.1 <0.01 2.84
11/18/97 JJPGGWDA#7t FSM-4t 6.20 40.00 0.01 <0.02 1.88 1.74 <0.015 <0.07 <0.06 4 85 <0.085 <0.08 5.09 <0.03 002 <0.005 <0.1 <0.01 2.82
•-J
o
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GW elevaticm (datum) in ft
Well ID SEPT 10 (97) OCT 15 (97) NOV 18 (97) DEC17(97) APRIL 1 (98) APRIL 28 (98)
FSM1 103.63 103.94 104.21 104.42 104.90 105.14
FSM2 90.70 91.39 91.94 94.40 95.68 95.06
FSM3 78.07 78.30 78.51 78.98 80.54 79.25
FSM4 74.58 74.70 74.75 75.00 75.58 75.23
FSM5 82.69 83.06 83.33 83.81 86.65 86.16
FSM6 89.07 89.06 89.13 89.15 89.26 89.26
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APPENDIX 7: ICAPES stream sediment sample data
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!!
1= 1=
Stream
Samp te Name LABEL DISTANCE Mi2$06 Mq2020 N^eflo Ne569G 782316 P.1782 P02203 S_1«07 SeiOOO SC124 Snl899 9r4215 T19234 V J102 Zn2l36
POL (ppm* &.00E-003 2 00E-002 1.006-001 2S0EO01 1 506406 7006402 0006 002 7006402 1506402 3006402 2006402 3.006402 5006403 5006403 1.006401 1006402 5006403
*0.005 0  02 «0 1 <025 0 0 1 5 «007 <0.07 «4005 <0 00 «0 02 <0.03 <0005 «0 1 «0.01 ^ 0 0 6
Samp#* for Cfwti
9/iQ^7 JJ 1 SEÛ \ ME-H)03 4 276*001 >256*000 3 236*002 3526*002 «0 085 <0 00 7 086*002 <0 09 1946*401 3.626*002 «4.1 5196*002
9/10^7 J J 2 S 6 0 1 I6EHH33 1026*001 1006*000 5.616*002 2.036*002 3.566*002 •4066 <000 7 716*002 <003 1.796*001 3466*002 <01 4.436*002
9n M 7  J J 3  3E0 -« 086*002 Î 706*002 4176*001 4596*001 1046*001 8566*002 >166*002 9976*002 «4 065 <000 9456*002 <003 7196*001 3686*002 <01 1466*001 5.906*002
9/10^7 J J 4  S 5ED -3 38E*002 7006*002 BS7E*OOT 4 966*001 1 106*001 9106*002 p.3lt*002 4 326*002 «0 085 <0 08 9906*002 «009 7036*001 3 986*002 «01 1 426*001 @«6*002
an  0(97 iJflS E O 1 35£*002 1726*001 3 346*001 ^ 1596*000 5596*002 3 666*002 3 846*002 «0065 «008 7256*002 <003 3 776*002 <01 1 436*001 9 816*002
9/10(97 JJS S E D Paraoon Creek Sample DOOEtKKW) 1196*001 5 776*001 2616*001 1106*003 1036*003 1036*003 ! 426*401 1016*001 2.786*003 <003 2016*001 9056*002 1836*001 7196*003
9/10/97 JJ  7 SED Z-03E+002 5706*002 3126*000 8276*002 7026*001 3396*002 «0085 9296*002 <003 3 936*002 1506*001 7.016*002
9/10/97 JJ I t  3£D 4 026*002 1216*001 6 606*002 3666*001 2 706*002 «0 065 5 186*002 <003 3 306*002
9/1047 J j  12&E0 back) repaid 9036*002 5 966*001 5 806*001 7426*002 3616*002 «0.086 1 046*001 5096*002 <0-03 3 906*002
9/10/97 JJ 9/IOSCO Pareflon IpM eam 0006*000 1026*003 <002 |J66*001 9 426*001 8616*002 1.416*002 8046*002 «0085 9 506*000 1506*002 <003 1.136*001 5996*002 <0 1 7.236*001
9 , ^ «ce Suijenera Sample* $02088 SC124 TI3234
«002 «0015 <0085 4 0 0 «0.02 <003 <0006 <0005 <01
11/1447 JJ  SSI 2 066*002 ? 486*004 <043 1 006*002 <0 1 S 386*000
11/1447 JJ  SS2 3536*001 2,566*002 3 006*004 7206*003 <003 1146*002 a 746*000
11/1447 JJ S33 3546*001 8036*002 3676*003 <003 3 096*002 1 136*001
11/1447 JJ 334 1806*002 «002 1716*001 «0016 3.746*002 2.606*004 «0085 1 016*001 1 176*003 <0.03 5016*001 3 286*001 2 236*000
'-J4̂
Mass Balance Data Use
Sediment Samples
Sample Name IÀBEL AI3082 ^ 1 8 9 0 B_2497 Ba2335 Be2348 Ca3179 002265 Co2286 Or2677' Ou3247 ^ 3 2 ^ 3 Fe2399 Hg1942 K.76è4 LTé707 Mg2852
9/10/97 JJ 2 SED after tailings 9.54E+003 1.12E+001 8.76E-001 2.63E+002 6.12E-001 1.BOE+003 2.42E+000 é.55E+000 7.56E+000 3 43E+001 5TOE+001 1.66E+004 <0.05 1 30E+003 8.19E+000 2.53E-r-003
9/10/97 JJ 3 SED after tailings further down 1.00E+004 1.47E+Û01 8.91E-001 2.77E+0Q2 7.82E-001 2.19E+003 3.29E+000 8.65E+000 7.63E+000 4.20E+001 4.18E+001 1.84E+004 <0.05 1.04E+003 8.79E+000 2.24E+003
9/10/97 JJ 6 SED after mixing 1.02È+004 1.04Ef001 9.75E-001 2.60Ë+002 S.BOE-001 1.84g+063 22SE*000 6 21E+000 785E+000 359E+001 STssEiooi 1.61E+004 <0.05 1.42E+003 9.5CE-*-000 2 63E+OO0
9/10/97 JJ 8 SED Paragon Creek Sample 1.16E+004 7.37E+001 4.35E+000 9.90E+001 1.71E+000 2.03Ë+003 1.02E+Ô01 2.45Ë+001 8.19E+000 3.15E+002 3.12Ë+002 5.27E+004 <0.05 9.é6É+002 1.20E-r001 2.33E+003
9/10/97 JJ 7 SED t’richard just upstream 1.06E+004 1.30E+001 8.29E-001 3.40E+002 5.94E-001 2.40E+003 1.32E+Ô0O 6.07E+000 B.04E+000 STSÉ+OÔI 3.3lE»OOl 1.57E+004 <0.05 1.21E+003 9.74E+000 2.42E+OO0
Surface Sediment Samp les
from eroding tailings are a
Sample Name AI3082 AS1890 BJ457 082335 Be2348 083179 002265 C02286 Cr2677 (ÎÜ3247 CuH n Fe2399 Hg1942 K_7664 LÎ6707 Mq2852
mean of ss samples S.2SÉ+003 3.76E+001 1.76E+001 7.16E+001 1 67E+000 868E+001 àÔ1É+0Ô1 4.52E+000 9.3GE+002 0.OOE*0OO 5.22E+004 6.25E+000 S71E*002 4.53E+000 1.73E+003
11/14/97 Jj SSI 6.34É+0Ô5 3.96E+001 5.98E+000 5.35E+001 f.SSf+OOff" 1.81E+004 1.52E+002 3.41E+001 5.17E+000 2.01E+003 <0.007 4.33E+004 <0.05 6.86E+002 g:$GE+000 5T0E+'003
11/14/97 JJ SS2 5.89E+003 2.58E+0Ô1 7.17É+000 4.65E+001 1 98E+000 1.57E+003 1.32E+002 5.03ÉT601 368E+000 90SE+00& <0.007 5.11E+004 8.75E+000 4.96E+002 4.25E+000 1.73E+003
11/14/97 JJ SS3 8.07E+003 3.03E+OOr 5.57E+000 1.12E+002 2.85E+000 1.45fe+"003 S.56E+001 O .lè E ^ I 6 56E+000 3.15E+002 <0.007 3.49E+0Ù4 <0.05 6.93E+002 7.12E+000 i.OOE+003
11/14/97 jJ SS4 481E+003 5.49E+001 5.11E+001 7.49E+001 <Q.d01 2.42Ë+Ô0S 2.74E+001 4.22E+000 2.65E+000 5.13E+002 <0.007 1.19E+005 1.62E+001 4.00E+002 1 10E+000 6.&4E+002
fraction of metals at JJ6 from paragon cK (JJ8) -0.42 -0.04 0 04 0.37 -0,01 1.52 0.10 0.01 -1.24 O.Oi 0.01 0,01 -0.85 -0.11 2 26
1
fraction of metals at JJZ from runoff (ss mean) 0.17 003 -0.01 ■0.08 0.03 ■0,01 0.00 0.01 009 ■0.00 0.04 0.01 0.14 iTfff 0.11
fraction of metals at JJC from runoff (ss mean) 0.05 0.16 -O.Oi ^.15 bi9 3.10 0.01 0.10 0.07 0.01 -0.16 0.05 0.44 0.14 5.43"
Mass Balance Data Used
Sediment Samples
Sample Name LABEL Mn260S MO2020 Na5889 ^NaS895 NI2316 P_1782 Pb2203 S_1807 862068 S et 960 812124 Sn1899 Sr42lS 713234 711908 V_3102 Zn2l38
9/10/97 JJ 2 SED after tailings 5.86E+002 <0.02 549E+001 5.02E+001 9.09E+000 5.61E+002 2.93E+002 3.55E+002 <0,085 <0.08 7.71E+002 <0.03 1.76E+001 3.48E+002 <0.1 1.32E+001 4.43E+002
9/10/97 JJ 3 SED after tailings further dow 6.76E+002 <0.02 4.37E+0Ô1 4.S9E-1-001 1.04E+001 8.56E+002 5.1 BE+002 3.97É+002 <0.085 <0.08 3.46E+002 <0.03 2.16E+001 3.88E+002 <0.1 1.45E+001 5.60E+002
9/10/97 JJ 8 SED after mixing S.55E+002 <0.02 3.72E+001 6.34E+001 8.89E4)00 5.89E+002 3.88E+002 3.84E+002 <0.085 <0.08 7.26E+002 <0.03 1.86E+001 3.77E+002 <0.1 1.43E+001 3.91E+002
9/10/97 JJ 8 SED Paragon Creek Sample 1.15E+003 <0.02 5.19E+001 5.77E+001 2.51E+001 1.10E*003 9.93E+003 1.03E+003 2.42E+001 1.01E+001 2.78E+003 <0.03 2.01E+001 3.05E+002 <0.1 1.93E+001 2.196+003
9/10/97 JJ 7 SED Prictiard just upstream 8.70E+002 <0.02 5.14E+001 5.84E+001 B.12E+000 6.27E+002 7.02E+001 3.33E+002 <0.085 <0.08 S.39E+002 <0.03 2.33E+001 3.B3E+002 <0.1 1.50E+001 2.01E+002
Surface Sediment Samples
from eroding tailings area
Sample Name Mn2605 MO2020 Na5ee9 NI2316 P_1782 Pb2203 S_ie07 862068 S e 1960 812124 Sn1899 Sr4215 713234 711908 V 3102 Zn2138
mean of ss  samples 1.13E+003 0 OOE+000 3.9SE+001 2.01E+001 3.76E+002 2.67E+004 2.14E+004 9.31E+000 2.52E+000 1.30E+003 3 00E+000 (2 75E+001 1.64E+002 Î.65E+000 5.66E+000 3.13E+004
11/14/97 JJ SSI 1.77E+003 <0 02 3.75E+001 4.04E+001 2.68E*002 3.77E+003 248E+004 <0.085 <0.08 1.03E+003 <0.03 4.4OE+O01 1.99E+002 <0,1 5.38E+000 4 27E+004
11/14/97 JJ 882 1.17E+003 <0.02 3 53E+001 2.59E+001 2.58É+002 1.69E+004 3.00E+004 1.27E+001 <0.08 J.20E+003 <0.03 7.41E+000 1.14E+002 <0.1 3.74E+000 6.52E+O04
11/14/97 JJ  SS3 1 41E+003 <002 384E+001 1.42E+001 6.03E+002 3.75Ë+O03 3.87E+003 2.45Ê+001 <0.08 7.88E+002 <0.03 8.S3E+000 3.09E+002 <0.1 1.13E+001 8.44E+003
11/14/97 JJ SS4 1.88E+002 <0.02 4.71E+001 <0.015 3.74E+002 S.22E+004 2.69E+004 <0.085 1.01E+001 1.17E+003 <0.03 5.01E+001 3.28E+001 1.46E+001 2.23E+000 J.95E+003
fraction of metals at JJ6 from paragon ck. (JJS) -0.24 11,98 -8.91 3.05 -0.08 3.03 007 0.04 1.49 0.08 -0.18 0.10
f r a c l lo n  o ( m e t a l s  a t  J J 2 from runoff (ss mean) 0.05 344 0 21 0 02 013 -000 -0 00 0.08 -0.11 0 13 0.12 )00
fraction o1 metals at JJ3 from ainoff (ss mean) 0 21 367 0.28 0.14 -0.32 3.00 000 0.21 0.33 -0.05 -0.03 0,01
--J
Os
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APPENDIX 8: ICAPES tailings and alluvium sample data
Tailings and Alluvium Samples
Ag3280 Al3082 AS1890 B_2497 la2335 Be2348 Ca3179 ?d22S5 C02286 Cr2677 Cu3247 Cu3273 Fe2399 Hoi942 K_7664 LI6707 Mg28S2
PQL (ppm) <0009 <0.035 <0.065 <0.005 <0.005 <0.001 <0.01 <0.005 <0.01 <0.005 <0.005 <0.007 <0.015 <0.05 <0.5 <0.005 <0.005
JJTR1 PG NA 1.19E+004 1.00E+001 5.84E+0Ô0 1.Ô2E+002 193E+000 7.58E+002 9.45E+000 7.186+000 I.O2È+OOI 5.S6Ë+001 <0.007 2.226+004 <0.05 8.396+002 O.d2ë+ooo 1.696+003
JJ TR2 PG NA 3.24E+004 1.50É+001 5.80E+000 2.70E+002 2.02E+000 1.606+003 9.266+000 6.876+000 7.546+000 2.596+001 <0.007 2.046+004 <0.05 5 756+002 8.S1E+000 1 48E+003
JJ TR3 PG ALLUVIUM NA 4.40E+004 1.56E+001 5.84E+000 2.92E+002 2.46E+000 1 98E+003 2.63E+001 6.106+000 8.2OE+OOO 1.816+001 <0.007 2.036+004 <0.05 5.256+002 7.496+000 1.526+003
JJ TR4 PG ALlUVIUM NA T.42E+003 1.57É+001 6.51E+ÔÔ0 1.12E+002 2.5OE+0OÔ 2.60E+003 1.79E+0Û1 1.746+001 1.03E+Ooi 1 006+002 <O0O7 2.856+004 <0.05 5.30E+002 4.356+000 1.346+003
JJ TR5 PG ALLUVIUM NA 1.01E+004 <0.065 <0.005 269E+002 7.70E-001 1.716+003 1856+001 5926+000 B.41E+000 4.146+001 3.866+001 2.166+004 <0.05 7.376+002 8876+000 1.626+003
JJ TR6 PG ALLUVIUM NA 1 23È+004 1 67E+001 <0.005 5.54E+0Û2 1.12E+000 5.906+002 2.586+001 2.956+001 8.496+000 5.176+002 5.156+002 2.686+004 <0.05 7.666+002 7.726+000 1.506+003
JJTR 7 PG ALLUVIUM NA 1 08E+004 BlOE+000 <0.005 2.08E+002 6.S2Ë-001 282E+003 1.516+001 7.976+000 8.926+000 5.596+001 5.256+001 1.946+004 <005 1.886+003 1.15É+001 2.696+003
JJ TR8 PG ALLUVIUM NA 6.44E+003 <0.065 <0.005 3.76E+002 5.60E-00) 5.75E+002 1.616+001 4.826+000 5.53E+0ÔÔ 8.926+001 8.286+001 i.726+004 <0.05 5.71E+002 3.086+000 1.356+003
JJ TR9 PG ALLUVIUM NA 1.16E+004 1.77E+001 6.45E+000 1.95E+0Ô2 1.72E+00Ô 4.836^002 7.086+000 7.986+000 9.236+000 1.686+001 <0.007 2.376+004 <0.05 1.976+003 9.706+000 2.696+003
JJTR 10 PG ALLUVIUM NA 1 25E+004 2.40E+001 6 39E+000 4.43E+002 3.05E+000 6.S9E+002 2.376^501 Î.38È+601 7.53E+OO0 3.206+002 <0.007 3.646+004 <0.05 7.69Ë+002 i .026+001 1.916+003
JJ TR3 PG TAILS NA 4.30E+003 2.23E+002 b.ObE ^ oo 2.92É+001 1.52E+000 3 316+003 1.316+002 3.406+001 3.916+OOO 1.806+002 <0.007 4.886+004 1.336+001 8.686+002 3.116+000 1.116+003
JJ TR4 PG TAILS NA 4 80E+003 2.64t+001 7 81E+0RT 2.646+001 1.82E+000 1.376+004 2636+002 3.016+001 4.236+000 6.466+002 <0.007 4.496+004 1.226+001 16.996+002 3.476+000 2506+003
jJ  TR5 PG TAILS" NA 3.76E+003 3.376+001 8.15E+000 2.45E+001 2O3E+ÔO0 1.746+004 4826+002 3.696+001 3.I6E+OOO 6.02Ë+002 <0.007 4.176+004 1.166+001 4.68Ë+002 3.486+000 1.916+003
JJ TR5 PG TAILS(DUP) NA 3.38È+003 2.99E+001 6.96E+000 2.35E+001 2.59E+00Ô 1596+004 4.556+002 3.056+001 2.496+000 5896+002 <0.007 3.816+004 1.146+001 4.44E+002 2 446+000 1.786+003
JJ TR6 PG TAILS BOT. NA 3.80E+003 4.85E+001 8 94E+000 6.08E+001 <0.001 1.536+002 9.516+001 <0.01 2206+000 7.286+002 7.146+002 1.336+005 4.446+001 7336+002 7.996-001 3.426+002
JJ TR6 PG TAILS TOP NA 4 24E+003 1.90E+002 1 3SE+001 2.14E+001 <0.001 1.856+004 2.186+002 5.306+001 3.426+000 2.896+002 <0.007 8.066+004 <0.05 5.S5E+002 3446+000 3.606+003
JJ t R7 p G Tails NA 4.95Ê+Ù03 275É+001 <b.oOs 2.04E+001 1.61E+000 1.906+004 3.706+002 2.756+001 4456+000 5166+002 6.036+002 4.926+004 828Ë+000 5186+002 4.536+OOO 3.416+003
JJ TR8 PG TAILS NA 4.31E+003 2.15E+001 <0.005 2.20E+001 1.78E+000 7.176+002 9456+001 3 776+001 4.26E+00Ô 1.116+003 1.066+003 5.236+004 7.476+000 3106+002 2.566+000 1.206+003
JJTRÔPGTAILS(DUP) NA 5 30E+003 2.88E+001 1.22E+001 4.10E+001 1.70E+OOÔ 8.136+002 0.986+001 5.286+001 4.55E+000 9.206+002 <0.007 5.536+004 7.366+000 é.27f+002 3866+000 i .476+003
JJ TR9 PG Tails NA 4.29E+003 2 52E+001 2.22E+001 3.75E+001 8.77E-001 5596+002 1.566+002 5.826+001 1.26E+00Ô 2.136+003 <0.007 6.586+004 l.éSÉ+001 4.746+002 1.886+000 ÏD1E+b03
JJ TRIO PG tails NA 3.97E+003 5.81E+001 3.52E+001 8.68E+OOI <0.001 8.026+002 6876+001 9.696+000 1.746+000 6.176+002 <0.007 1.316+005 2.71É+001 6826+OO2 1.126+000 8.856+002
oo
Tailings and Alluvium Samples
Mn2605 Mo2020 Na5889 NI2316 P_1782 Pb2203 S_1807 Sb2068 Se1960 SI2124 Sn1899 Sr421S Ti3234 Til 908 V 3102 Zn2138
POL (ppm) <0.005 <0.02 <0,1 <0,015 <0.07 <0.06 <0.07 <0,085 <0,08 <0,02 <0.03 <0.005 <0.005 <0.1 <0.01 <0.005
JJ TR1 PG 7.42E+002 <0,02 5.11E+001 7,75E-HX)0 7.05E+002 5866+002 2436+002 <0.085 <0.08 3.866+002 <0.03 5.866+000 3.706+002 <0,1 2.266+001 1.556+003
JJ TR2 PG 4.74E+002 <0,02 102E+002 8.34E+000 1.45E+003 2,356+002 7.766+002 <0.085 1,016+001 9.416+002 <0.03 7.376+000 1.136+003 <0.1 2.376+001 1.846+003
JJ TR3 PG ALLUVIUM 159E+002 <0,02 1 99E+002 1.00E+001 190E+003 1,876+002 8.856+002 <0.085 1,346+001 4.866+003 <003 1.496+001 1.226+003 <0.1 2,326+001 2.856+003
JJ TR4 PG ALLUVIUM 1 80E+003 <0.02 5.16E+001 S94E+000 6.21E+002 3,51 E+003 1.146+003 <0.085 <0.08 4.016+002 <0.03 1.426+001 3.456+002 <0.1 1.506+001 3.776+003
JJT R 5P G  ALLUVIUM 5.93E+002 <0.02 4.19E+001 7.05E+000 1.38E+003 4.946+002 5,266+002 <0.085 <0.08 4.036+002 <0.03 1.726+001 5,596+002 <0.1 1.916+001 8.546+003
JJ TR6 PG ALLUVIUM 1 95E+003 <0.02 547E+001 566E+000 6.92E+002 2.046+003 1.446+003 <0.085 1.156+001 7.606+002 <0.03 1.196+001 2,556+002 <0.1 1.336+001 4.046+003
JJ TR7 PG ALLUVIUM 7.86E+002 <0.02 3.19Ê+001 109E+001 4.00E+002 6426+002 5,356+002 <0,085 <0.08 6.246+002 <0.03 1.556+001 4926+002 <0,1 1.186+001 6.266+003
JJ TR8 PG ALLUVIUM 6.47E+002 <0.02 246E+001 5.18E+000 7.03E+002 2.49E+003 7,106+002 <0.085 <0.08 2.556+002 <0.03 8.646+000 3.136+002 <0,1 1.116+001 2.866+003
JJ TR9 PG ALLUVIUM 3.36E+002 <0,02 3 34E+001 930E+000 3.33E+002 3.51E+001 2,916+002 <0.085 <0.08 3.366+002 <0.03 9906+000 6.006+002 <0,1 1,296+001 1.256+003
JJ TRIO PG ALLUVIUM 7.87E+002 <0.02 476E+001 1 27E+001 5.00E+002 1.856+004 6796+003 1.696+001 9.446+000 4.256+002 <0.03 3.256+001 2.896+002 <0,1 1,246+001 6.876+003
JJ TR3 PG TAILS 1.51E+003 3.04E+000 4,60E+001 3,62E+001 3.86E+002 4.276+004 1,396+004 9.576+001 <0.08 4 056+003 <0.03 1246+001 3,636+001 <0.1 1,876+000 5.776+004
JJ TR4 PG TAILS 1 09E+003 3.00E+000 500E+001 3.93E+001 1.40E+002 1.21E+004 2.276+004 1.206+001 <008 1 686+003 <003 3.206+001 1,616+001 <0,1 1,056+000 6.126+004
JJ TR5 PG TAILS 1 80E+003 4.74E+000 4.61E+001 3 24E+001 1.35E+002 167E+004 2006+004 3.746+001 <0 08 2 266+003 <0.03 3.386+001 1.866+001 <0.1 1.026+000 9.986+004
JJ TR5 PG TAILS(DUP) 1 75E+003 389E+000 3.85E+001 3.00E+001 1.38E+002 1.516+004 1.506+004 3566+001 <0.08 2.246+003 <0.03 3.306+001 1.746+001 <0.1 <0,01 9.696+004
JJ TR8 PG TAILS BOT. 3.S4E+001 <0.02 343E+001 <0,015 3.44E+002 650E+004 4.016+004 <0085 1 936+001 8496+002 <0.03 1.386+002 1.426+001 1196+001 3 916+000 2 806+004
JJ TR8 PG TAILS TOP 1.77E+003 <0.02 4.89E+001 8.97E+001 1.48E+002 1736+004 4.256+004 &.72E+002 <0 08 2.036+003 <0.03 5.696+001 5.306+001 <01 1,156+000 5.446+004
JJ TR7 PG TAILS 1 93E+003 <0 02 3.33E+001 4 10E+001 1.366+002 4.086+003 2.196+004 3.066+001 <008 1.646+003 <0.03 5.286+001 1.756+001 <0,1 4.216+000 8.446+004
JJ TR8 PG TAILS 1.10E+003 <0.02 2.48E+001 272E+001 1.74E+002 4.86E+004 2.966+004 2.926+001 <0.08 3036+003 <0.03 9.536+000 3636+001 <0,1 4.266+000 5.496+004
JJ TR8 PG TAILS(DUP) 114E+003 <002 583E+0qi^ 325E+001 1.78E+002 5,576+004 3.176+004 <0 085 <0.08 2.836+003 <0.03 8.786+000 3.9^6+001 1.176+001 2 326+000 4.986+004
JJ TR9 PG TAILS 2.29E+002 <0.02 3.96E+001 1.06E+001 3.31E+001 7.656+004 5.116+004 3.536+001 8.756+000 1.396+003 <0.03 6.886+001 1.146+001 1.556+001 <001 5.606+004
JJ TRIO PG TAILS 1.15E+002 <0.02 G05E+001 <0,015 327E+002 8.346+004 3,946+004 <0,085 1.166+001 4.676+002 <0.03 1.086+002 1,186+001 |1 616+001 1.636+000 1.896+004
'-JVO
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APPENDIX 9; EPA criteria
APPENDIX 9. EPA Criteria
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Selected EPA Water Quality Criteria
Element Primary MCL 
(mgHL) 
drinking water
Secondary MCL 
(mg/L) 
drinking water
Aquatic Life* 
Acute 
(mg/L)
Aquatic Life* 
Chronic 
(mg/L)
AI -------- 0.05-0.2 0.75 0.087
As 0.05 — 0.36 0.19
Cd 0.005 — 00003-00135 0.0002-0.0027
Cu 13 1 0002-0050 0 002-0.030
Fe 0.3 — 1
Hg 0.002 — 0.0024 0.000012
Mn -- 0.05 —
Ni 0 1 — 0,321-4.251 0017-0.220
Pb 0.015 — 0.004-0.331 0.0002-0.0129
Zn --- 5 0.017-0.297 0.015-0.269
* ranges are hardness dependent
from Drinking Water Regulations and Health Advisories, EPA, Dec 1993 
and Quality Criteria for Water, EPA, D-760, 1986
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APPENDIX 10: Grain size analysis data - tailings and alluvium
Sieve Analysis - Paragon and Silver Crescent Tailings sampled 0-16 and 11-2511 97 - an< lyzed at USFSS Maries ID phyt leal lab.
US Standard Sieve Mesh Size 1.5" 1" 3/4" 1/2" 3/8" A 8 16 30 50 100 200
Size of Opening In Inches 1.5 . 0.75 3.5 0.375 0.187 0.0931 0.0469 0.0232 0.0117 0.0059 0.0029
Size of Opening In thousandths of inch 1500 1000 750 500 375 187 93.1 46.9 23.2 11.7 5.9 2.9
Paragon Samples 10/16/97 • %passlng
TR1 ALLUVIUM 100.0 96.9 B9.3 78.1 67.8 46.1 30.6 20.8 15.6 12.8 10.8 . 8.9
TR3 ALLUVIUM 100.0 100.0 96.0 89.9 86.8 77.1 68.5 61.8 56.5 51.6 44.9 35.8
TR5 ALLUVIUM 100.0 96.2 88.5 74.7 65.8 53.0 42.7 35.2 29.1 24.2 19.4 14.0
TR7 ALLUVIUM 100.0 100.0 100.0 98.5 93.2 79.7 67.1 57.3 49.0 41.8 35.6 27.9
TR9 ALLUVIUM 100.0 100.0 100.0 98.5 98.5 96.8 95.8 95.1 94.2 92.7 88.3 66.9
TR3 TAILS 100.0 100.0 98.7 87.9 74.1 48.4 32.1 20.1 13.2 8.8 5.6 4.6
TR4 TAILS 100.0 100.0 96.6 84.5 76.3 55.6 37.2 20.6 12.3 8.1 5.6 4.2
TR5 TAILS 100.0 100.0 96.3 87.7 78.1 54.2 36.8 22.6 14.8 10.3 7.5 6.0
TR6 TAILS (COMP) 100.0 100.0 98.5 83.7 65.5 40.3 26.3 18.3 13.5 10.1 7.5 5.8
TR7 TAILS 100.0 100.0 96.0 86.1 77.0 51.7 31.2 16.7 9.7 6.6 4.8 3.8
TR8 TAILS 100.0 99.5 98.6 87.5 72.1 47.8 32.1 21.1 16.5 12.5 3.2 2.2
TR9 TAILS 100.0 100.0 100.0 93.6 83.3 61.4 39.0 24.3 15.8 11.1 8.2 6.6
TRIO TAILS 100.0 99.5 98.2 87.8 74.0 49.6 31.6 20.6 13.6 8.9 6.1 4.6
Paragon Samples 10/16/97 Cumulative%retained
TH1 ALLUVIUM 0.0 3.1 10.7 21.9 32.2 53.9 69.4 79.2 84.4 87.2 89.2 91.1
TR3 ALLUVIUM 0.0 0.0 4.0 10.1 13.2 22.9 31.5 38.2 43.5 48.4 55.1 64.2
TR5 ALLUVIUM 0.0 3.8 11.5 25.3 34.2 47.0 57.3 64.8 70.9 75.8 80.6 86.0
TR7 ALLUVIUM 0.0 0.0 0.0 1.5 6.8 20.3 32.9 42.7 51.0 58.2 64.4 72.1
TR9 ALLUVIUM 0.0 0.0 0.0 1.5 1.5 3.2 4.2 4.9 5.8 7.3 11.7 33.1
ALLUVIUM average 0.0 1.4 5.2 12.1 17.6 29.5 39.1 46.0 51.1 55.4 60.2 69.3
TR3 TAILS 0.0 0.0 1.3 12.1 25.9 51.6 87.9 79.9 86.8 91.2 94.4 95.4
TR4 TAILS 0.0 0.0 3.4 15.5 23.7 44.4 62.8 79.4 87.7 91.9 94.4 95.8
TR5 TAILS 0.0 0.0 3.7 12.3 21.9 45.8 63.2 77.4 85.2 89.7 92.5 94.0
TR6 TAILS (COMP) 0.0 0.0 1.5 16.3 34.5 59.7 73.7 81.7 86.5 89.9 92.5 94.2
TR7 TAILS 0.0 0.0 4.0 13.9 23.0 48.3 68.8 83.3 90.3 93.4 95.2 96.2
TR8 TAILS 0.0 0.5 1.4 12.5 27.9 52.2 67.9 78.9 83.5 87.5 96.8 97.8
TR9 TAILS 0.0 0.0 0.0 6.4 16.7 38.6 61.0 75.7 84.2 88.9 91.8 93.4
TRIO TAILS 0.0 0.5 1.8 12.2 26.0 50.4 68.4 79.4 86.4 91.1 93.9 95.4
TAILS average 0.0 0.1 2.1 12.7 25.0 48.9 66.7 79.5 86.3 90.5 93.9 95.3
Silver Crescent Samples 11/25/97 - %passlng
SCI upper middle tails 100.0 97.5 97.5 95.8 94.4 90.6 87.1 83.1 79.5 76.6 66.8 50.6
SC2 middle tails 100.0 100.0 100.0 99.9 99.9 99.7 99.5 99.0 98.1 96.8 68.4 41.3
SC3 lower tails 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.1
Silver Crescent Samples 11/25/97 Cumulative%retained
SCI upper middle tails 0.0 2.5 2.5 4.2 5.6 9.4 12.9 16.9 20.5 23.4 33.2 49.4
SC2 middle tails 0.0 0.0 0.0 0.1 0.1 0.3 0.5 1.0 1.9 3.2 31.6 58.7
SC3 lower tails 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9
SC TAILS average 0.0 0.8 0.8 1.4 1.9 3.2 4.5 6.0 7.5 8.9 21.6 36.3
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